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Fireman is one of the lower ratings in the engineering department, -’
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w . PREFACE .

. This Rate Training Manual . and' the Nonresident Career Course
(RTM/NRCC) has been prepared to assist the Fireman Apprentice to qualify
and -to- advance to Fireman. Study of this training manual should be

- combined “with practical experierice, with study and review of other
-applicable Rate Training Manuals, and with ‘study of manufacturers’
techyical maiwals,  NavShips Technical Manual, and. other applicable

materialn» . . : e v - .
Designed for individual study and not formal classtoom instruction, the
RTM provides subject matter that relates directly to the occupational ,
qualifications of the Fireman rating, The NRCC provides the usual way of .Y
satisfying the réquirements for completing the RTM.-The set of assignments s
in the NRCC includes learning objectives and supporting items designed to " \'\\_ .
lead students through the RTM. * : ey g
As one of the Rate Training Manuals, Firemah and the NRCC has béen : § '
prepared by the Naval Education and Training Progtam Development Center, ‘

Pensacola, Florida, for the Chief of Naval Education and Training, = - =~ o
Information provided by numerous manufactuers, . publishers, and ¢ o
associations is gratefully acknowledged, Technical\,assistance has been - Voo

provided by the Naval Sea Systems Command, Service School Command, .
San Diego, and the Service School Command, Great Lakd§.
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THE UNITED STATES NAVY
" GUARDIAN OF OUR COUNTRY

The United States NaVy is responsible for mnrntaining contro! of the sea s
and is aready forcé on watch at home and overseas, capable of strong ~
action to preserve the peace or of instant ottenswe actron Q Win in war,

Itis upon the maintenance of this control that our country's glorious‘
~ future depends; the United States Navy exists to make it so, o

‘WE SERVE WITH HONOR R

Tradituon. valor, and v:ctory are the Navy's herrtage from the pAst, To .
these may be a&ded dedication, discipline, and vrgrlance as’ the wa hwords ~
of the present and the tuture. v L Sy

\2} homeoron distant stations we sefve with pride confldent in the respect
our country, our shrpmates. and ourfamrhes(

" Qur responstbilltles sober us; our adversitres strengthenus. - '

Service to God and Country is our specia! privilege. We serve with honor. . -

‘THE FUTURE OF THE NAVY

The Navy wili always employ new weapons. new techniques. and
r ter power to protect and defend the Unrted States on the soa. under
ea, and.in the atr, .

Now and inthe future,’ control of the sea gives the Unrted States her'v e
- ,greatest aqvantage for the marntenance of peace \and for vrctory in war. v

‘ Moblluty. surprrSe. dispersal, and offensrve power are the keynotes of
‘the new Navy. " The roots of the Navy lie in a strong belief’ ‘in the
. future, in continued dedicatron to our tasks, and in retlectron on our T
© ~ heritage from the past. T . cL

Never have our opportumtres and our responsibrlrtres been greater",

;.‘
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CHAP'I‘ER

,.l Prepanng for Advancement ey

’2. Englneenng Department e TR
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The ﬂlustratxons mdxcated below are mcluded in thls edxtxon of/Fxreman R
o through ‘the  courtesy" of‘ the " designated compames,, put%l;ers, and” '
.+ ".associations, Permission to use these illustrations is.gratefully acknowledged: - “ .. = -
. Permission "to reproduce these illustrations and other matenals in tlus- AR
publicatxon should be obtamedfrom the soutce. Ay R

S Source R anureS*' ; R
'Babcock &.Wﬂcox Company :  R - ,.‘:1 6—160 A

'.:Buffalo Meter Company | | ) 9-16 9-17. »

_'.,{‘Cooper-Bessemet Corporahon o ! '
Crane Company v

,; Crosby Valve & Gage Company

. 'General Electnc ComPanY

,Genex. Motors Corporatlon SN
Detroxt Dlesel Engine' Dmsw" ‘
Electro-Motwe vamon N




 Study of this training manual will staré you

'+, on your way to earning -one of the Engineering : -
~and’ Hull ratings, (See fig. 1-1.) This tiaining  maint
.(For ad,
.to" Basic

~ manual is one of several which will help-you

i bl

 meet ‘the . technical requirements for
~ddvamcement, o oo oo T

 distilling

- Asa member of thé engincering department - -

* aboard ship, you know that you are assigned fo

. the heart of the ship. Tt is through your efforts * -Perorm

e etfortsiof every other: memberot;the i

‘department that you becomes ali i

_gble t6 meet-its.commitments anywhere on the

oceansof theworld.” = .. .y
) Sk : \ Lt

RATE OF FIREMAN ' ‘

A Fi;emgh-f is l;asic'a,lly an enéi(ié‘l;ring' trainee

who must perform a wide variety-of tasks. Some

"+ “of these . tasks may seem - quite ‘unnecessary

-+ although thiere, is a very distinct re

.unclear, is to increase the. obcratidna_l-jjgaai’ne‘s’s-

" of. the’ ship “and: to further’ your - thaiing,
.. Everyday throughout your Navy career, you will -
learn sometHing new to increase your knowledge

‘and to-

. totheNay. -
. You.must be abl

.
"“* IR Ve

 exactly Tiow: to perform. every detd

g re. , ason for the-
- tasks: you will be required to perform. The -

- reason, even though it sometimes\may be ' Striker. -

he. beginning, you will work with. i}

officer: who- is. responsible for. séeing t ata
ecific job is done properly. will show "you
detail of each
operation. Then he will -have you' do- the job-

- under. his superyision:> ‘Finally, when he ‘has-
) confidence in you and your ability to do the
= Job, he will give you: the opportunity to. perform
- on your owi. This general procedure will be

observed. throughout ‘your. entiré, period "as a’

_"In_addition to ‘meeting. hede: requirements;

~..you will' also. be- required ‘to have, a basic -

~knowledge - -of .- mathematics and - blueprint
reading. Sources of -information which will
Nay, o1 more valuable to youtselfiand -yl S chapter. s are listed.

which ‘will be -

~++ " EUGIBILITY REQUIREMENTS

e ‘Before you ca

- fulfill ” certain
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L ) Chapter” 1-PREPARING FOR ADVANCEMENT. R
: "bér'sonnel_; sucﬁ%s Wwatch standing, first aid, and Fictors for entering additional Practical fa%tbrs .
_military conduct. You must show that youy are - as they are published ‘in changes to] the .

.. proficient in -each of ‘the ‘naval standards Occupational (Standar,ds.ManuaI. The Record of
™+ . specified for the next higher pay grade. These - _ Practical Factors also provides space - for -
- -are discussed in_Basic Military Requiremems, recording d,emonstratedv p:oﬁpien_cy in skills
NA“VEDTRA 10054-D, o ST whi\ch_ are within the general'scope: of the rating -

'Professional‘re‘qﬁiremehts for advancement . but' which are 2;’;

identified a5 -minimuy, .
are technical standards .that are directly related . occupational standards, " o i
tothe work of each rating, . . < I you.are transferreq before you.qualify In
; _ R L ', all practica] factors, the NAVEDTRA 1414/1 js :
: Both the - naval, fequirements and _ the . forwarded with your g Tvice record to yournext-
Pxpfessxonal .‘requzremqnts, -arg  divided: into " duty. s'tatién.._ You c,zinf_s_ai/@‘yourself a lot ‘of :
subject Jatler groups, which are further. . o by miaking sure that this form i actually
- Subdivide into practxcal-faqtqrs,qnd knowledge . inserted in youyr service re¢ord before- you are
factors, Practical factors are things that yoy d transferred, If the form is not in, your Sefvice .
must be able: o do. Knowledge factors are the , record, you may be “required to start all over '
munimum things you -must knoy in order to again and requalify in the practical factors which .'
perfo_np your duties, T o . have already been ¢hécked off, * . T
+The p ofessional and naval requirements just . The Navy ' has established certain® -
discussed ‘e listed - in the Manygl of Navy . - requirements that mpist be met before yoy are . .
- EnIisted.M npower_dndl’e&.ﬁbnnel Classifications’ " eligible, to take. the - ‘e Xamination for
and Occupationgl Standards, NayPers 18068-D- 'aggancemeht.;You myst—. o, 0 T

-

>/

' (with changes):‘:-ﬂfms&.manual provides the ...’ N T e, :
" minimum requjrements for advancement to each  First:  Meet basic x"ecju,iréments,-fsuch,ds“ o
pay grade within each rating, - o len_gth of service in Pay grade and tota] service,
.~ The'standards for Fireman form the basis for _ Second: Have a Statement. in your. service
this manual ahd they werd current at the date of .  record - that you satisfactorily .perfor med the.
this prinfing. However, the ‘standards change  Practical factors for 'the next higher pay grade.”
occasionaly,\ and - the questions. in . the Have a statement in your service

advancemeni~

before taking an examination for advancement, 7 vanoemen.t. . o _
you- should ‘¢heck foy revisions"and\ assure - " ~Fourth: _Be fecommended by your
yourself that your ,knowledge covers all the commanding qff_;cer. . B
latest standards. ' o | e o .
' pRALSpedial form known as the RECORDO ~ When you iione” Wl of these requirements,
PRACTICAL FACTORS, NAVEDTRA L1/, ination Eble to pafticipats. in th
- . is used to keep a record of your practical factor igh enou . P i
: h " o 10ugh) score, your commandifg
: standards. The form lists all practica] factors, orar 2 ' e
. both military  apd professional. Ag you . the é,u .t‘honty to advange y oum‘r‘gte

~ demonstrate your abjlity. to perform each * | Vot T "

practical factor, appropriate entrigs are made in RO 3F o M AT R
the DATE and ‘INITIALS columns by e . . ) | [SOURCES OF MNFORMATION
division officer or your Supegvising petty officer. o ~‘Tlié_ Navy has st défini"t’é’."iimfiis' on the

Since changes.are made Periodically to the matetial for which you are accountable on the
Manual “of Nayy Enpicted Manpower and €xamination, The sources  from . whith ..
- Personnel Classifications and  Occupationg] examination items are taken are ‘listed in the
Standards, revised forms . of v NAVEDTRA Bibliography for Advancement, NAVEDTRA L
. 1414/1 are provided whfn'necessar_y. Extra 10052. This bibliography is available on your )
: * Space is provided on the Record \of Practical ., . ship or.stati'on‘. It is revised annually, so be sire N




e FIREMAN, %
sult the current edition. It provides the 'REWARDS" OF 'ADVANCEMENT ‘
titles of publications. and . ‘sections of S SR e
publications - that you shiould " study when - ‘Each time you advance, you receive many .
preparing for the examination. Th publications rewards. These rewards include higher pay and - -
overt together. with additional pension

-
N 1€p ;?‘ B

to con

\. lisfed contain material covering all the standards allowances i
listed in the Occupational Standards Manual. An \bﬁnefits when you. retire; But the really .
asterisk (™) identifies the training ‘manual or mportant - gaing are Oppo! tunities for more . s

manuals that you must complete before you can interesting and _challeng'mg assignments,

. be eligible to take the examination for increased respect from your uperiors as well as .
* advancement. . LT * _from the men you supervise ot help, and the;. .

~ .. Oneof the most useful things you can learn. chance for grgater,fulfillmeﬁt, ‘of your abilities. -
4 about i subject is how to find out more about it. Above all, you are afforded the opportunity to -

~ No single publication can give you -all the. . serve your command, your ‘Navy, and your
information you need. to know to perform your country at a higher level of responsibility in a

duties. Basic training manuals which will be more important job. , S
helpful to you as you -prepare _for‘adVancement As a member of the United States Navy,you ° . .
are listed below. Your petty officers will assist have the. satisfaction of knowing that, as you '
you in obtaining other sources of information. .  advance, you are serving your ¢country in a most
C _ ‘ ) o ' ) important way. Do your job well at all times,
Tools and Their Uses, NAVEDTRA 10085-B and take pride in what you do and how you do

’ ' o it. Service to your country is a special privilege.

Blueprifit Reading and Sketching, You must- make every e’ndeav?xL to. serve with
NAVPERS 10077-D . ' honor. - : .. R

‘ . ' “Tradition, valpr, and victory are the Navy’s
The glossary section in the Appendix of this ‘heritage. The lopg history of outstanding
trainipg manual is another good. source. of sachieveme'nts and “neble service of . the Navy
information. Unfamiliar or’ ‘difficult to provide an inspiration and a challenge to you -
understand _engineering terminology which has and ‘your shipmates. It is up to you to help
been used throughout this text is.defined in this ~ * maintain, and enlarge the . prestige and’_the
section. ' _ , traditions of the naval service. .. . - Mo

M -
i
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Chapter ZJENGINBERING DEPARTMENT

6. To coordinate the ‘preparation of the
‘- department in-port daxly watch pill. :

1. To assxgn.tasks to, and evaluate the
. “performance of'department Yeoman and other
~enlisted personnel assxgned to the depdrtment
ofﬁcb '

a o L I ¥ .

In an engmeermg de;(art{nent where an
- adminjstrative assistant billet is not provxded
* within the framework of the ship’s organization,

the engineer officer may elegate the duties of |
such abillet toa y comy rson. ’

. DEPARTMENT - o
TRAINING OFFICER’ '

-

(8

Thedutxes of a department trammg officer ;
are generally performed by the engineer offices,
or an assistant to the engmeer officer Some of
these dut1es are: . o’ :

1 To develop a department tram g
, program in support of the training ob_]ec‘trve
the ship..

. 2. To 1mp1ement approved" trammg plans
‘and pohcres within the departmént .

3. Toﬁgoordmate and ass18t in the
administration. of division trammg ‘programs
within'  the department,” mcludmg (a)

“supervision L z7of the preparation .of fraining
materials and review of curricula, trammg
courses, and lesson plans; (b) assist in ‘the
selection . and training of instructors; (c)
. observation of instruction given.at drills,. on
watch, on gstation,. and_in the .classroom,
" followed by - recomendagtons to. the engineer
officer;: (d) procurementy through the- ship’s
training officer,” of requxred training aids and
" devices’ mcIudr ms, projectors,_ tralmng
coursgs, and books ‘

..«$' ¥
4. To mamtam depQ:tment trammg records
- .and trammg reports gz 3

. v, 5. To d;ssemmate mformatron concermng
. the avallablhty of fleet and semce schaals. -

@
Y

' 6, To mrtra,té reqursxtrons for training
phes and materials, subject to the approval of

v

KR S s
M Dot

’ .'shxps propellirs

a Bmler-Dmsnoh/

- generally has two. boilers mstalled either facing

..

MAIN PROPULSION ASSISTANT §’

_~ The main propu]sxon hissistant is responsxble,,
under the engineer officer, for the operation,
care, and maintenance. of the ship’s pro ulsion
machinery . and related auxiliaries, *has
cognizance over the care, stowage, and use of
fuels and Iubricating oals. The preparation and
care of the Engineering Log and' Bell Bodk are
the responsxbrhty of ‘the main - propulsion
assistant, as is.the preparatiop of operation and
mamtenance records and procedures. :

Machmery vaisxgn
If you are assxgtted to. the M drvxsxon you '
will ‘probably work in one of the-enginerooms.
Normally, there is one engine for each of the
On shlps with two or more.
engmerooms, the enginerooms are generally
located 1mmerd1ately aft of the firerooms which
supply them with steam. In an emergency, any. -

'engmeroom can be isolated while the slup

continues underway on the remammg engmes.

A

A

'/-:

The B d1v1sron operates the boilers and the
auxiliary fireroom machinery. If you are
assigned to this division, your duty station may
be one of jthe firerooms The firerooms are
usually locqted amidships on the lower levels.
There mayjbe as many as 6 or 8 firerooms, .
depending On the size and type.of ship. In slups
having more than one firero£ if, each fireroom -

e

each -other; or side by side. The" borlers are so

_ arranged that any -number of them’ can be used

to. supply steam  to- the ship’s engines.—The o
firerooms are separated by watertight bulkheads .
so that any fireroom fhay be sealed off while the

-, ship operates:on the remaining boilers.

On your fifst trip th?ough the fireroom you |

_’ may . wonder ‘why there are so mapy lines and

valves. You. will become familiar with a few of

" them at’a time, and by paying strict attention
- you, will gradually leam how all of them are

used. . :

 Steam, water, fuel 011 or air may be carried .
in these lines. The lines whxch carry steam or
water are 00vered by msulatron and laggmg for

]

W
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personnel sat‘ety and to prevent heat loss and
- condensation. Lines are stenciled to indicate the
fluid carried and the direction of flow,

* These lines do not run through the ship at -

,\random, but connéct the units of the systems
" according to a definite plan. In the course of

your training you will trace these lines from one
unit to another throughout each system. The
'ship’s blueprints and drawings are of particular

- value in tracmg out systems in the engineering

plantr
DAMAGE CONTROL ASSISTANT

The damage control assistant is responsrble,
under the engineer officer, for the prevention
and control of damage, including.c ntrol of
. stability, list, -and trim. Conditions of: closure,
watertight mtegnty, and compartment testing
are carried out under his supervision. The
damage control assistant (DCA) administers the
training of “the  ship’s - personnel ‘in damage °
control, firefighting, emergency. repair work and .
nonmedrcal defensive measures against NBC
attack. The hull maintenance shops and the
-machine shop are under the cognizance of the

. DCA. In these shops, all necessary repairs to the «

hull and tle ship’s bogts, within' the shop’s

capacrtres, are made by" the assxgned personnel

Auxnhary Division ¥

Personnel of A dmsion operate the
refngeration plant, air compressors,. emérgency

. fire pumps, emergency diesel generators, and the

k)

 ventilation, ‘heating,” and - air conditioning

- systems. " They are the boat engineers in small

boats and maintdin the ship’s steering engines. If
_you are assrgned to this, division, you may be
statroned in the auxitiary spaces or in any other -
part of .the ship where the auxrllanes under A
“division are located. « - .

“The  refrigeration plant similar in’ many

‘ respects to the_ Home refrigerator, preserves the

N

\ ,located throughout the shrp

Q.

supply - of* fresh  foods ‘and provrdes ice for

~ general . shipboard use. .The air " compressors

L supply compressed. axrifor pneumatxc tools, for

. «cleaning parts of machmery, for diesel engine air

~ starting systems, and for various other pUrposes. .

‘The- equipment assigned t6" the A drvrsron is

RepairDivision o SR
 The R‘ivrslon is responsible for mnintairrlng
the watertight integrity .of the ship, The R
division consists of the hull maintenance shops,
If you are assigned to this division you will work
in one of these shops.'

All ‘damage control and ﬁmf‘ghting
equipment aboard ship is maintained by the R
division. Much of the training of pefsonnel in
damage control is carried on by R divisxon
personnel,

ELECI’RICAL OFFICER - ./

The electrical .officer is responsnble, under
the engineer officer, for the operatmn,
maintenance, and repair of the electrical,
‘machinery and.systems throughout the ship. The

maintenance..of the ship’s power and lighting
systems is the primary concém of the electrical -
officer, Repair shops are provided on larger ships
for extensive repairs to electrical equipment. -

"The IC system, under the electncal officer, is\a
- part of the E division, - ~
* The E division -has charge of generators,

electrical equipment. The generators in the
enginerooms provide electricity for power and
~ light. The steam turbines which drive the
generators are operated by 'the ivision: On. °
~ electric-driven ships, the E dwmo?i}so operates
the' main. generators and main eleétric motors -

which turn the: shat‘t If asslgned to this dmsiOn, o

you ‘might work in the main motor rooms, the -
enginerooms, the- electnc repaxr shop, orm the
IcroomSA B . .‘? . -

. NBC DEFENSE OFFICER

¥ Smce nuclear, blologrcal and chemrcal (NBC)
~ defense procedures are classified and subject to
~ frequent modification, it ‘is i)est to refer to
“currént ‘OpNav. Instructions for a detailed

It deéscription of the NBC defense officer’s duties.» . .

< In general, the NBC defense officer (collateral:

: duty of the damage' control assistant) is . .

reszponsrble for the  training of" shrpboard
- personnel in defense against NBC attack. He is: .
18.180 responsnble for ‘the “[procurement,
} distribution,. mamtenance of NBC defense

K
gyrocompasses, intercommunications, and'other

T~

R}

-
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equipment. In  addition, he muist ensure
decontamination of personnel, equipment, and
the ship; and
transportation of NBC casualtics with the advice
und assistance of the medical officer,

FIRE MARSHAL

, and the damage control assistant, is responsible

- for the maintenance and readiness of the ship’s
firefighting equipment. He is also responsible for
" the prevention and elimination of fire hazards in
the shxp .

'GAS-FREE ENGINEER

Technical Manual. Briefly, the gas-frw engineer
. tests and analyzes the air in- compartments or
- Voids that have been closed and are being
opgned for ' inspection,- to determine whether
such, spaces are safe for personnel to enter

also determines whether it is safc to perform
~ “hot work™ (welding or cutting) within, on the
exterior boundaries, or in the way of such spaces
- .without danger of fire or explosion. (The person
~ designated as the gas-free engineer must have the
qualifications set forth by NaySeaSysCom.

D}VlSlONV, QFFICE’RS
1n addition to the dutics as set forth in U.S.

Regulations. Manual generally prescnbt.s that a
"dMsnon officer shall:
*

1. Direct thc Operatxon of his division

the division organization.

2. Assign p«,rsonnel t/\ watchcs and- duties
.within the division (develop rotation programs
for battle statnons, watches, and ge'nerdl duties
: a%! nsurg the’ trammg and prof' cxency of "
assig dpersonml)

.

jndoctrination, and mlhtary and professxonal

the management and

‘The fite marshal, under the engineer officer

" The dutics and rcsponslbihtu.s of the gas-fru, ‘
engineer are given 'in chapter 9920 of NavShips .

without danger of poisoning or suffocating, He : |

Navy Regulations, the Ship’s Qrganization and

through: leading petty officers, as prcscnb&l in

3.Ensure that dnvnsxon personnel receive 7' -

- equipment responsibility ‘log, the watch and

division, °

- organization manual and other directives which

“performarice and discipline of his division and to -

. of - Military Justnce and other regulatory’
»dlrectnves o
TECHNICAL ASSISTANTS "’.

‘with the’ different specialities, In. general, a,

. cogmzance of the division to which the’ teéhmcat

‘ ENL!STED PERSONNEl:f :

are specific bxllets or assngnments which require

4 Pmparc cnlistcd pcrfomlanco ovaluntxon
sheets for, pcrsonncl of his division, .

, S, Maintain a dlwsion notcbook‘contnining
personnel data, cards, troining data, a space and

battle stations to be manncd, and such othcr
data as may be useful for the oricntat:on of an
officer rchevmg him, and for ready reference, -

6. Be responsible for afl forms, teports, and -
correspondence onginated or maintamcd “his

y
- 1. Estabhsh and maintam a divxsxon

may be necessary for the. ndmnmstratxon of his
division.

8. Ensure that prescribed securj measurcs*}
are stnctly observed by personné¢lof. ms division.

9. Mgke rccommendations for personnel
transfers dNd changes in the division allowance
to his department head.’ R

10, Forward reguests for leave Tliberty, and '
special pnvnlege” $; and make recommendatxons
for their disposition. °

11.Conduct - periodic
exercises, and musters

inspections
to evaluate

' a'nd
the

initiate dlsc1phnary action, when he déems it
necessary, in accordance wnth the Uniform Code

The duties of technical assistants (LDO
Warrant Officer, E-8, and E-9 personnel) vary °

technical assistant’s duties and responSnbnhtles
apply to the operation, maintenance, and.repair
of machmery, equipment, and systems under the '

asslstant is assngned

In addition to the general ratings for énlisted
personnel of the engineering .department, there,
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> spccial mention Thrcc of these billets are the oil "Boat Enginccr S
and water king, the movie opcrator, and the -

On a large ship, the billet for oil aqd water
king is usually divided into two billets~one for’

boat engineer,
Oil and Water King

the fuel. oil details, and the other for. potable
(fresh) water and feed water. .
- The oil and water king is a Boiler Techmcian

" on«steam-driven ships and s generally an’
“Engimeman’ on' djeseldriven ships. "His .

responsibilities are as folloWs.

1, Supervising the operation of all valves of .
" the fuel oil system, the transfer' and booster
. pumps, fuel oil manifelds, fuel oil heating coils

as necessary, and the fresh Wwater system as
prescribed by the casualty control bills for those

" Systems.

2. Properly maintaining fuel oil service"
~ tanks, and shifting suction among service tanks.-

. 3. MExntarnmg the _distribution of fuel oil -
and water so that the ship will remain on an -

even kcel and with proper trim
4. Preparing guel and .water reports' ’
5. Testing -and .

chloride content, hardness,and’ other properties -
of feed and borler water, and making requu'ed-

- tests of fuel oil. Detailed information concerning

‘such tests can -be obtained from NavShips

.. Technical Manual, chapter 9550 for oil tests and
Lo chapter 9560 for water tests. - : ‘

L6 Refet to Basic Mihtary Requirements, |
NAVEDTRA 10054-D, for information on
sat‘ety precautxons to be observed wh handhng '

Mowe Operator

- Movie Operators are’ generally graduates ofa:

- ound motion picture school or duly qualified .

.\ { by competent authority. Provision is generally -
| made to bave a sufficient numbéf of operators :

to aecOmmodate the ship s needs. :

Engméme‘n assigned to that duty,

recordmg the alkalimty, '

1 6 and propeller shafts. Frgure ‘2—2 shows a-

from the A division-. are detailed as boat
- engineers. Boat engineers op ﬁratc, clean, ;and

inspect the parts of the boats Fssigned to them,
‘Boat engin®’ repairs are und:r\fken by

: ENGINEERING DEPARTMENT
, L RA INGS -

After servﬂng as a Fxreman for the reqtured

. length of*time, you may strike for a third class

petty officer’s rating. But. fitst, yop must make

portant decision,” You may choose ary of
I Fferent ratings. The ‘decision you make will
determine largely the kind of work you will be -

~ doing throughout ‘the balance of your, Navy

career, s N
‘In" general, thc 'ﬁ‘engmeermg department
ratings requrre saff* aptrtude for
mechanical, a degree . of
mathematics and physics, and
in repair work. ‘A knowledge 'of mechanjcal-
_drawing is also desirable. Rate Trammg Manuals
and Nonresident Career Courses covering many
héspects of . basic - engmeermg are - available. .
Self-reliance, ingenuity, and resourcefulness are -

* Firemen, Engmcmcn, or Machinist‘s Mates'

-2

‘l~

particularly important to any man striknm for .

an‘engineering tating. -

Schools for engineering ratmgs are’ availabie
‘to those who ‘can qualify. The various ‘types.of '
schools ‘are covered in  Basic - Mintary
Requirements, NAVEDTRA - 10054-D A list of

_ all schools and their requirements is given in the

. Catalog of Navy Training Courses (CANTRAC), .

NAVEDTRA 10500.

. The titles and job descrrptrons ot‘ the, .various
engmeermg department ratings are glven in the
sectmns Whlch followt

," Cooan
e o
’ S

MACHINIST’S MATE (MM) e
Machlmst s Mates Operate and mamtain the

*

thmgs o

ofxcxency ‘in
me expertience -

propulsron tarbines, reduction gears;, condensers, SR

~air ejectors, and. such rruscellaneous "auxiliary
equipment in the engineering spaces as pumps,

- air-compressors; generators, evaporators, Valves, '

~oil purifiers, oil and water heaters, ‘governors, ;.
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Eiﬁure 2-2.—~Machinist’s Mate recording eva;;or'at_or -
) r~~  readings. 1391

/

- "ENGINEMAN (EN) "

.equipment ‘include

Figure 2-3.—~Engineman standing watch on a diesel engine, “
Ry

Machinist’s Mate recording readings. ?‘rom an
eygporator.

Enginemen operate and ' maintain power
plants used to operate, shipboard auxiliaries and
to propel boats and ships. In addition to
working with internal combustion engines
(diesel and gasoline), Enginemen must know
how to operate, maintain, and repair many kinds
of shipboard auxijliary equipment. Such .
refrigeration and air”
conditioning systems, pumps, air cpmpressors,
and various Kinds' of hydrauli¢  equipment.’
Figure 2-3 shows an Engingman standing watch’
on a diesel engine. ’

139.2
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. Figure 2-4.—Machinery Repairman operating a milling machine.

N \‘* -~ 2
MACHIN\ERY REPAIRMAN. (MR)
' \\ b )

Machmery Repairmen make all types of
machine ‘sliop repairs on shipboard machinery .=
This work tequires the skillful use of lathes, .
milling machines. boring mills, grinders, power
hacksaws, dril _presses, and other machine tools, ,
as well as ‘all handtools ~ and measurmg

mstruments uSyally found in a machine shop..

The job of ‘restoring machinery to good workmg

‘order, rangmgms »n\ does from the fabrigation of

a simple pin ér link to the complete rebuilding
of an mtrlcate geal system, requires skill of the

[c

‘mt'brmatlon

highest order.
dimgnsional

Often, in the absence of
drawings or other design
a Machinery Repairman must
depend upon his ingenuity and know-how to
successfully machine a repair part. Figure 2-4
shows: a Machinery Repalrman operating a
milling machine.

Al

BOILER TECHNICIAN (BT )

N]e Bonler Technicians operate all types of
marine boilers and .fireroom machinery (pumps
and forced draft blowers). They transfer, test,
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g I e T
e v . afid take soundings of fuel.and feed water tanks.

i / They also maintain and repair boilers, pumps,

ol

M

M | and associated machinery, Figure 2-5 shows a .-
2l | Boiler Technician removing an atomizer froma' -

bumer. - v N ,
| : BOILERMAKER (BR) R

Boilermakers  test, -maintdin, and repair
‘marine boilers, heat exchangers, and associated.
'[4~ equipment; inspect boilers and effect corrective
“measures; perform clectric arc and oxyacetylene
welding in boiler repairs; and maintain ‘records .
% ~ andreports. oo N R .
_. ELECTRICIAN'S MATE (EM) . "
' Electrician’s Mates stand watch, on
| . gencrators, motors, switchboards, and control
». equipment; operatc- searchlights and other -

. * electrical equipment; maintain and repair power -
© and lighting gifcuits, electrical fixtyres, motors, -
7o .generators, distribution:switchboards, and other
1394 . | eldctrical equipment; test for-grounds or other
mizer casualties; and repair and i‘gﬁli]d electrical
= . xequipment- in an electrical s ?x% Figure 2‘6 ,
o . . T

‘ ,' l‘- ’ - i . . - ‘. / N
Figure 2.5.—A Boiler Technician removing an/ato
S from a burner. "

- Figure 2.6.—-An E""t”cia""%ki“g reqdings'oﬁﬂhain switchboard.,
S S

C%.oi9
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“ " Figure 2-9.—A Patternmaker sawing a pattern.
) : [3
Q . D
Figure 2-7.—Hull Maintenance Technician preparing ’
) to weld.
LY
i é}ﬂ» ! : °
~/
, > - v 103.70 - Figure’2-10.—A Mﬁldey finishing a core.
Figure 2-8.—Hull Maintenance '?echnician removing S : T .
. ‘ damaged planks. . » . ? .
. ﬂ N B T ST ‘.:’, X ;;’, .
N 20 - ,
o /‘ - . . 4‘ 14’ . » . 4 C ' .
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shows an Electrician’s Mate taking readings at

the main switchboard.

INTERIOR COMMUNICATIONS
ELECTRICIAN (IC)

IC Electricians ma‘intair? and’ repair interior
communications (IC) systems, gyrocompass
systems, amplified voice systems, and alarm and
warning systems, and related equipment; and
stand IC and gyrocompass watches. (An IC

Electrician may be responsible for maintaining -.

motion picture equipment aboard ship.)
B

HULL MAINTENANCE
TECHNICIAN (HT) : .

X

On 27 February 1970 the Secretary of the
Navy approved the establishment of the Hull
Maintenance Technician (HT) general rating and
the attendant disestablishment of the Shipfitters
general rating (and included service ratings) and
the Damage Controlman general rating.

Hull Maintenance Technicians (HT) plan,
supervise, and perform tasks necessary for
fabrication, installation and repair of all types of
structures shipboard and shore-based plumbing

and piping systems, qualify in the techniques, ‘

skills and use of damage control and firefighting
equipment, carpentry, nuclear; biological and
chemical (NBC) defense; perform tasks in the
field of shipboard damage control NBC defense
and firefighting; organize, supervise and train
personnel in maintenance repair, NBC defense
and damage control duties. Figure 2-7 shows an
HT pl}apai'ing to weld two pieces of angle iron
togetiier. - '

- responsible = for

-master patferns; make” full scale 1

Hull Maintenance Technicians: are
maintaining and preparing
damage control equipment and for preserving .
watertight integrity, by such means as adjusting
dogs and renewing gaskets on watertight doors,
hatches, scuttles, etc. Figure 2-8 shows two Hylll
Maintenance Technicians removing damaged
planks. | e

PATTERNMAKER (PM)
Patternmakers make wooden, plaster, and

metal patterns, and other equipment used by
Molders in a Navy foundry. They mount

. patterns on match plates and on follow boards

‘ outs of
wooden patterns, core boxes, and tem lates; and
index and store patterns. Figure 2-9 illustrates a
Patternmaker sawing a pattern.

for production, molding. Pattemma?t;rs make

MOLDER (ML)

¢ o
-

Molders operate foundries aboard ship and

-at shore stations; make molds and cores, rig

flasks, prepare heats, and pour castings of

" ferrous, nonferrous, and alloy metals; shake out

and clean castings; and pour bearings. Figure
2-1 0 illustrates a Molder finishing a core.

OTHER RATINGS

/f I,r; addition to the Group VII Engineering :

.-and Hull Ratings, you' will be required to know -

some of the other ratings in the Navy. Figure
2-11 gives you a chart of the Navy Ratings. o

[
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is chapter is designed to acquaint you
with various laws and phenomena of nature,
Included is jnformation pertaining to matter and
energy, force and motion, heat and temperature,
pressure, combustion, the laws of perfect gases,
and " some fundamental information about
metals. The information provided here is general
in nature; but it has been included to give you a
better understanding of how or why engineering

' - machinery operates or produces work. As you
- . study this chapter, remember that anything that

occupies space and has weight is called
MATTER. ,

PHYSICS

The forces of physics and the laws of nature
are at work in every single piece of machinery or
equipment aboard ship. It is by these forces and
laws that the machinery and equipment produce
work.' ’

MASS, WEIGHT, AND INERTIA

The physical principles of mass and inertia
are involved in the design and operation of the
heavy flywheels and bull gears that are at work
in the ship’s engineering plant. The great mass of
the wheel tends to keep it rotating once it has
been set in motion. The high inertia of the wheel
keeps it from responding to small fluctuations in
speed and thus helps to keep the engine running
smpoth]y.m . :

. The mass and the weight of an object are not
the same. The mass of an object is the quantity
of matter which the object contains. The weight
of the object is equal to the gravitational force

. ! \ a
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with which the object is attracted to the earth.
Inertia is that physical property which_causes
objects that are at rest to remain at rest, unless
they are acted upon by some external force; and
which causes objects moving at a constant -
velocity to continue moving at this constant
velocity, and in the same direction, until acted
upon by some external force. *

FORCE

Force is what makes an object start to move,
or speed up, or slow down; or keep moving
against resistance. This forte may be either a
push or a pull. You exert a force when you push
against a truck, whether you move-the truck, or
only try to move it. You also exert a force when
you pull on a heavy piano, whether y.ou move
the piano, or only try to move it. Forces
produce or prevent motion, or have a tendency
to do so. .

A tendency. to prevent motion is the
frictional resistance offered by an object. This
frigfional resistance is called frictional force.
While it can never cause an object to move, it.
can check or stop motion. Frictional force
wastes power, creates heat, and causes wear.
Although frictional force - cannot be -entirely
eliminated, it can be reduced with lubricants.

e
@

SPEED, VELOCITY,
AND ACCELERATION

*Speed is defined as the distance covered per
unit of time. Velocity is speed in a certain
dir%ction? Acceleration- is the rate at which
velocity changes. If, for example, the propgller

s shaft rate gf rotation increases from stop to 100

17
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r(.volutlonsl per minute (rpm) in 20 minutes, the
acceleration is 5 rpm. In other words, the
velocity has increased 5 revolutions per minute,
during each minute, for a total period of 20
minutes. A body with uniform motion has no

acceleratiqpn. When thc velocity of an object’

changes by the same amount each second or
minute, you have uniform acceleration. Uniform
deceleration is obtained when the decrease in
velocity is the same each second or minute.

ENERGY

g Energy may be described as the ability to do
work. In the physical sense, work is done when a
force acts on matter and moves it. We use heat
energy tq turn a stcam turbine and electric
energy to drive motors. The mechanical energy
of the pistons in ‘an automobile engine is
transmitted to the wheels by the crankshaft,
/transmission, drive shaft, differential gears and
“ rear ‘axles. Nuclear energy js used to generate
electric power and to drive naval ships. g
Perhaps the most common definition of
energy is ‘‘the capacity for doing work.”
However, this is not quite a complete statement
because energy can produce other effects which
could not be considered as work. For example,
heat can flow from-one object to another
without “doing any work; yet-heat is a form of
energy and the process of heat transfer produces
an effect. Therefore, a ‘better definition of

energy is ‘‘the capacity tor producing an effect.”

Energy is normally classified according to
the size and nature of the objects or particles
with- which it is associated. ‘So we say that
mechanical energy is the energy associated with
large objects—usually things that are big enough
to see—stich as pumps and turbines. Thermal
energy is energy associated with molecules.
Chemical energy is energy that arises from the
forces which bind the "atoms together in a
melecule. Chemical energy is released whenever
combustion or any other chemical reaction takes
place. Electrical energy, light waves, and radio
waves are examples of energy that are associated
with particles smaller than atoms Nuclear
energy is obtained by splitting the atoms. Each
of these types of energy (mechanical, thermal,

_etc.) must also be classified as either (1) stored

Stored energy is energy that is actually
contained within or stored within an object.
There are two kinds of stored energy: potential
energy and kinetic energy. Potential energy is
energy within an -object waiting to be released;
while kinetic energy is energy that has been
released. For example, potential energy exists
within a rock resting on the edge of a cliff, water
behind a dam, or steam behind a turbine throttle

valve. <.

Kinetic eneifyy exists because of the relative .
velocities of two or, more objects. If you pushew
the rock, open the gate Yof the dam, or open the v,
turbine throttle valve, something will move. The
rock will fall, the water will flow, and the steam
will jet through-the turbine nozzle valves. Thus
the potential energy is converted to kinetic
energy .-

Energy in transistion exists when the rock
hits the ground, the water hits the bottofh of the
dam of the paddles of a water wheel, or when
the steam hits the blades of the turbine rotor.

In the examples just discussed, an external
souce of energy was used to get things started.
External energy was used to push the rock, to
open the gate of ‘the dam, or to open the
throttle valve. Thus, you see that on¢ energy
system affects another energy system. There is a
tremendous amount of chemical energy stored
in fuel oil; but it will not raise the steam in the
boiler until some external energy has been
expended to start the oil burning,

Energy'?*cZ?i be measured. The most common
measurement of expended energy is in work
units of foot-pounds. When an object has been
moved through a resisting force. work has been
done.

WORK *

The turbines and other power eqft/l?pmcnt
used aboard ship are important because they do
work. Work is defined as the result of force
rgoving through distance. The unit of feasure -
for work is the FOOT-POUND (ft-1b). The two
parts of this unit are the POUND OF FORCE
and the FOOT OF DISTANCE.

Force ‘is measured in pounds. The

energy, or (2) energy in transition. . 2 4 gravitational pull on an object weighing | pound
- .

18




is a force'of 1 pound. If you lift a 1-pound
weight from ground level to a height of 1 foot,
you exert a force of 1 pound thrqugh a distance
of 1 foot, and you have done 1 foot-pound of
work in the process,, A force of 100 pounds js
-required to raise a 100-pound anvil; if you lift it
to the top of a 30-inch bench, the work you
have done is 2 1/2 ft x 100 Ip = 250 ft-Ib. Work
(in foot-pounds), thérefore, equals the force (in
pounds) times the distance (in feet). :

Now, suppose you want to m‘ove. a 60-pound
" anvil across the deCk\yvithOut lifting it. It will

take a considerable force to slide the anvil. If -

you slide it 10 feet, you do 600 féot-pounds of
work. Here the force of 60 pounds is required to
overcome the resisting-force of friction between
the anvil and the deck. A great deal of the work
done by any machine is the pvercoming of many
frictional forces which resist the motion of the
parts,

¥

POWER _ -

The ship’s main engines, 'boilers, main
reduction gear, main shaft, and propellers are
frequently called the POWER PLANT; and they
are commonly rated according to how much
power they can develop. For example, it might
take one man 10 hours to load 20,000 pounds

of ammunition on a truck, whereas a crane :
could do the same job in 5 minutes. The amount

of work done is the same, but the crane is much

-

more powerful than the man. It can do the work ;

faster. Power, then relates to work and time; it is

the time rate.of doing work. If we assume that
the ammunition is raised an average height of 6’

feet, the work done is equal to 6 ft x 20,000 It
or 120,000 ft-ib. Considering the man also as a
" machine, the power of éach of the two machines
if found by dividing thjs amount of work by the

. LAWS OF GASES

a weight of 100 pounds at ths rate of 250 fidb. -
per-Second, the machine is exerting only 0454 =
horsepower (250 ft-1b + 530 ftb = 0454 hp). -

Ifcrane. hoists 2,000 pounds of cargs to's

height of 30 feet in 5 seconds, how much
horsepower is developed? Here is how to getthe
answer: - .
work ._ 2,0001b X 30 ft
tige S Ssec -

Power =
i2!060it3t-lb Pper sec

R ‘= 12,000 ft-lbpersec . 1 oo/

Hprgpoyver 550 ft-1b per sec N 21’3 :
Or sﬁupp'ose‘ a turbine has a known
horsepower of 37,500 at rated capacity, and you

want to know how much work it does. You find .

out by multiplying the developed horsepower by -

the hours. in operation. This gives
HORSEPOWER-HOURS, which is a measure of

* work for main propulsion machinety,

L3

The energy transformation of major interest -
in the shipboard engineering plant is the
transformation from heat to work. To see how

this transformation occurs, we need to consider =

the pressure, temperature, ‘"‘agg “volume
relationships which hold ture for, gases. In the
middle of the 17th century, Robert. Boyle, an .
English scientist, made .. some interesting ¢
discoveries concerning the relationship between

the pressure, the temperature, and" the volume of -
gasgs. In 1787, jacques Charles, a Frenchman,

proved-that- all gaSelexpand, the same amount
when lieated one degred if the pressure is kept ,

constant. The relationships that these two "l@\ i

time required in each case. Expressing 10 hours discovered are summarized as follows:

in minutes, the man.would work at the rate of

e g oo T 200 0 00 e e tmperatts s vld oty
120,000 ft1b + 5 min. = 24,000 ft-Ib per min pr - an increase in the pressure on a gas c‘au‘Ses{ S
400‘“_")' per sec e s proportional decrease in volume. A decrease in T

\ the preggure causes a proportional increase in
The most common unit of power is known - o '

volume.
- as the HORSEPOWER. One horsepower is .
equivalent to 550 ftdb per second, or 33,000

2. "When the" pressure is held constant, an
ft-1b per minute. Thus, if a lifting machine raises

increase in the temperature ‘of a gas causes\«aL

Q
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° increase in the temperature of a- gas causej[

~work; the actual conversion of heat to work i

-

pro’portronal increase in vqume. A decrease in
gthe temperature, causes a proportxonal deerease
mvolumﬁ: ' = b

3 When the volume is held constant,

proportional increase ligs pressure. A decrease in
the tempe?ature causes a proportronal decredse
rn pressure -

-

Suppose we have a boiler in which steam has

" just begun te form. With the Steam stop. valves

still closed, the volume of the steam remains

. constant while the pressuré and the terﬁperature

are both mcreasmg When operating’ pressu,re is”

* reached and the steam stop valves are opened,
_* the high pressure of the stéam causes thé steam
- to flow to the turbines.. The pressure -0 ot th

‘steam thus provides the potentral far. dojrg

done in the turbmes

PRESSURE AN D VACEUM

* Because pressure is very important to: the”
engineering plant, it.is necessdary that you.
understand the ,rela‘:nshlps between gage
pressure, .atmaspheric pressure, vacuum, and-
absolute pressure. These® relationships are
indicated in figure 3-1. g

- .
-~

<

ALHUSPHERIC PRESSURE -

. 147 PSI ABSOLUTE, OR
X, 30 INCHES OF MERCURY ABSOLUTE,
OR ZERO GAGE PRESSURE,
OR ZERQ VACUUM =

e

. J0INCHES

OF MERCURY N
ER PSt OR INGHES OF MERCURY ™

2

" ‘ 1338 ‘

Figure 3~1 Relatronships between vacuum, gage _
pressure, absolute | pressure, and atmosphene pressurke

. R
¥ etk
S T

L@

.y or above atmospherie pressure. Gage pgssure is

20 M

Gage Pressure

Gage pressure i§ the pressure actually shown
‘on the dial of"a gage which registers pressures at

, actually shown in’pounds. Ber sqitare irich (psi); :.
but it may be shown: sin, _inches tof- water,
mercury, or other liqtifd, A, readmg of 1 inch afr
water means that the exerted, pref¥ureis able to
support a column'of wa;;er 1inch hrgh, or that.a
.column g water in a U-tube will be displaced 1,
inch by the pressure being measured. Similarly, a
gage pressyre reading of 12 inches of mercury ‘
means that'.the measlired pressure is abile to.
support & column: of mercury 12 inches high.

they are to be used for measurmg very low.:
pressures. Inches of mercury may be used when.
the range of pressures to be . measured is - -
ewhat higher, since mercury is.

, ap roximately 14 times heavier than water. :

Note that a gage pressure reading of 2ero =
means that = the- pressure ‘being measured is

"' exactly the same~as the exjsting atmospheric .

pressure. A gage reading of 50 psi means that the .
pressure being measured is' 50 psi IN EXCESS

B OF the existing atrrﬁsphene p‘ressure -
(/ . . g :
Atmospheric Pressure - .

. : - & B .

Atm pherrc pressufe, or the pr&ssu ©
exerted by the weight ‘of .the air in . the
: atmOSphere 1s measured wi’th a BAROMETE,

1t *s0, hat the open end yests: 1
merc¢ whrch is open: to the a

penmts atmoSphenc pressure, actmg upen t
surface of the mercury in the o 5en containgr, to
liold the mercury in the tube at a height whlch
correspends to the pressure bemg exerted. ‘

Normally, at sea level atmOSphencepressure
will hold the col dJf mercury at a height of
approxrma ﬁfflrches Since a .column of
mercury 1 ifit h Jigh exerts a pressure of 0.49 .
pounds per square inch, a 30-1nch cqumn of

I 5

Gages are calibrated in inches of water when - .
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HEIGHT OF
MERCURY
COLUMN 1S |
READ HERE

* ATMOSPHERIC -
PRESSURE

“ FORCES COLUMN
OF MERCURY
UP INTO TUBE -

-

I

69.86

Figure 3-2.—Operating principle of mercurial baromeater. :

f

mercury exerts a pressui‘e which is equal to (30.

x 0.49) 14.7 pounds per square inch. Thus, we
can say tha? atmospheric pressure (zero gage
pressurg) at sea level is 14.7 psi, or 14.7 pounds
per square inch absolute psia), Notice, however,
that 14.7 psi is the STANDARb_for atmospheric
pressure. Since fluctuations from this standard
are shown on the barometer, the term
BAROMETRIC PRESSURE is used to describe
the atmoshperic Pressure which exists at any

.given moment. As a rule, you can use the term

ATMOSEBHERIC PRESSURE and the value 14.7.
psi in place of the actual birometric pressure;
but there may be times when it will be
important to know the actual (barometric)

-
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pressure, in ordergto make precise measurements
of gage.pressure or vacuum. ‘

Vacuum -

A space in which. the pressure is less than
atmospheric pressuree‘its\ said to be under vacuum.
The amount of vacufiin is expressed in terms of
the difference between the pressure in the space
and the existing atmospheric pressure. Vacuum
is measured in inches of mercury—that js, thg™
number of. incheg- a column of mercury in a

-tube will Be displaced by a pressure equal to

_difference between the pressure in the

ressure. -

t
'/z?cuum space and the.existing atmospheric

Vacuum gage scales are marked from 0 to
30. When a vacuum gage. reads zero, the pressure
in the space is. the same as the existing
atmospheric. pretiréiZor, in other words, there
is 'no valwiim. A vacuum gage reading of 30
inches of mercury indicates a nearly " perfect
vacuum. In gctual practice, it is impossible to
obtain a perfect vacuum; and the highest
- vacuum gage readings are seldom over 29 inches
of mercury.

Absolute Pressure .

Absolute pressure is atmospheric pressure
plus gage pressure, or atmospheric pressure
minus vacuum.. For example, if gage pressure is
300 psi, absolute pressure is 314.7, psi; or if the
measured vacuum is 10 inches of mercury,
absolute pressure is approximately '20 inches of
mercury. It is important to note othat, the -
amount of pressure in a space under vacuum can
be expressed only in terms of absolute pressure.

Sometimes it is necessary to convert a
reading from inches of mercury to pounds per
square inch, Figure 3-1 .gives you- all the
information you need to make this conversion.
Since ‘atmospheric pressure is equal to 14.7 psi

or’to 30 inches of mercury, it is easy to see that =

"I inch of mercury is equal to (14.7 psi.+ 30)
0.49. Now convert your gage reading to absolute
pressure (in - inches of mercury)- and_ then
multiply this figure by 0.49 psi. For ex]néple to

21
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cdnvert a vacuum gage reading of 14 inches of
mercury to psi, you .would proceed as follows:

1. Convert 14 inches of mercury vacuum to
absolute pressure. Apsolute
atmospheric pressure minu$ vacuum (30 inches -
*14 inches = 16 inches). :

2. Multiply the absolute pressure in inches
of mercury by 0.49. Since | inch of mercury is
\ equal to 0.49 psi, 16 inches of mercury is equal
to (16 x 0.49 psi) 7.8 psi (approximately 8 psi).
ember that this answer is in. terms of
g lute pressure. o ‘
As you can see, it is also eagy to convert psi
to .incHes of mercury. Since atmospheric
pressure is equal to 14.7 psi or to 30 inches of
mercury, | psi is equal to (30 inches of mercury
+14.7) 2.04 inches of mercury. For example, 10
psi absolute is equal to (10 x 2.04 inches of
mercury) 20.4 inches of mercury absolute.

In order to interpret the reading on a
pressure gage, you must know the location of
the gage in relation to the line in which the
pressure is being measured. As a general rule,
pressure gage connections are led from the top
of the pressure line. Oteasionally, however, it is
necessary to locate a pressure gage at some
distance below the pipe;then the reading on the
gage will indicate the pressure being measured
plus thgy pressure exerted by the.weight of the
column of liquid above the gage. The required

gage. If the correction has not been made in
calibration, it must be
interpretation of the gage reading.

made as follows:

|. Measure the vertical distance from the
center of the gage to the line in. which the
pressure is being measured.

2. For eaqqh foot of the distance measured,
subtract from the gage reading the weight of a
column of liquid 1 'foot high and.! inch square

on a ste
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pressure is °

correction should be made in calibration of the:

made in the

Correction for a head of liquid should be

2

in cross section. If you are measuring pressure

ter line, you must carrect fora ’

* pressuré head of water. Since a column of water
1 foot high and | inch square in cross section

28

R4

weighs 0.433 pounds, you subtract 0.433 psi
from the gage reading for each fobt of drop.
(CAUTION:, The weight of each liquid is
different, fz(xd must be determined before you

can make this correction.)

For exnmp‘ie, to correct a pressure gage
reading for a pressure head of water, assume that
a steam pressure gage is connected 10 feet below
the steam line. The stéam cools and condenses in
the gage connection line, filling the connection
line with water. The uncorrected gage reading is
250 psi. Multiply, 0.433 psi by 10, and then
subtract the resulting figure from 250 psi:

L3
(1) 0.433 psi x 10 =4.33 psi.
(2) 250 psi-4.33 psi = 245.67 psi.
Y
Thus the true pressure in the steam line is
245.67; or approximately 246 psi. \

It is sometimes necessary to connect a8 water
pressure gage at some distance above the point
at which the pressure is being measured; then
the_reading on the gage will show the pressure
being measured minus the pressure required to
support the column of water up to the gage. To
correct the reading you must add the weight of

" the column of water—that is, you must add

0433 psi to the gage reading for eabh foaot of
rise. 9

For example, assume that a water pressure
gage is connected 5 feet above the point at
which the pressure.is being measured. The gage
reading is 30 psi. To obtain the actual pressure
at the point of measurement, you must add (5 x
0.433 psi) 2.17 psi to the gage reading. Thus the
actual pressure is 32.17 psi.

PRINCIPLES OF HYDRAULICS

- The word hydraulics is derived from the
Greek word for water (hydor) plus the Greek
word for a reed instrument like an oboe (aulos). .
The term *“hydraulics” originally covered the
study of the physical behavior of water at rest
and in motion. However, the meaning of
hydraulics has been broadened to cover the
physical behavior of all liquids, including the oils
that are used'in present day hydraulic systems.
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= 100 LBS.

"

| FORCE |

/

PISTON A -

FORCE 2 = 100 LBS.

PISTON 8 ~ |}

v Flgure 3-3.—Principle of mechapical m}druulics.

During the period before World War I, the
Navy began to apply hydraulics extensively to
naval mechanisms. Since that time, naval
applications have.incrcased to the extent that
many ingenious hydraulic devices are used in the
solution of problems of gunnery, navigation, and
acronautics. Aboard ship today the applications
of hydraulics include aychor windlasses, power
cranes, steering gear, rdmote controls, power
drives for the elevation guns and training of
mounts and  turrets, powder and projectile
hoists, recoil systems, gun rammers, and airplane
catapults. '

The foundation for modem hydraulics began
in 1653 when Pascal discovered that “pressure
set up in a liquid acts equally in all directions.”
This pressure acts at ®ight angles to the
containing surfaces. -

When we apply a force to the end of a
column of confined liquid, the force is
transmitted not only straight through to the
other end, but also equally in every direction
. throughout the column—forward, backward, and
sideways—so that the containing vessel is
literally filled with pressure. This is the reason
that a flat firehose takes on a circular cross
section when it
pressure. The outward push of the water is equal

Q .

is filled with water under

23
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in every direction. Water will leave the hose at
the safhe velacity, through leaks, regardless of
where the leaks are in the hose. -

Let us now consider the effect of Rascal’s
law inthe system shown in figure 3-3. If the
force at piston A is 100 pounds and the area of
the piston is 10 square inches, then the pressure
in the liquid must be 10 pounds per square inch
(psi). This pressure is transmitted to piston B—so
that for every square inch of its area, piston B
will be pushed upward with a force of 10
poundsw. In this example we .are merely
considering a liquid column of equal cross
section so that the areas of the pistons are equal. -
All we have donc is to carry a 100-pound force
around a bend; however, the principle illustrated
is the basis for practically all - mechanical
hydraulics. -

The same principle may be applied where
the input piston is much smaller than the output
piston or vice versa. Assume that the area of the
input piston is 2 square inches and the area of
the output piston is 20 square inches. If you
apply a pressure of 20 pounds to the smaller .
piston, the pressure created in the liquid will
again be 10 pounds per square inch because the
force is concentrated on a smaller area. The
upward force on the larger piston will be 200
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h poun/ds—lo pounds for each of its 20 square

inches. Thus youufxcan see that if two pistons are
<used in a hydraulic system, the Jorce acting on
cach piston will be directly proportional to its
area, and the magnitude of each force will be the
product of the pressure and the area of the
piston.

PRINCIPLES OF PNEUMATICS

Pneumatics is that branch of mechanics that
deals with the mechanical properties of gases.
Perhaps the most common application of these
properties, used in the Navy today, is the use of
compressed air. Compressed air is used to
transmit pressure, according to Pascal’s
principle, in a variety of applications. For
example, in tires and air—cushioned springs,
Jcompressed air acts as”a.cushion to absorb
®shock. Air brakes on locomotives ant large
trucks contribute greatly to the safety of
railroad and truck transportation. In the Navy,
compressed air is used in numerous ways. For
example, tools such as riveting hammers and
pneumatic drills are air operated. Automatic
cgmbustion control systems utilize compressed
air for the operation of the instruments.

‘Compressed air is also used in diving bells and

diving suits. Perhaps a brief discussion on the use
of compressed air as an aid in the control of
submarines will best explain the theory of
pneumatics.

. Submarines are designed with a number of
tanks that may be used for the controb of the
ship. These tanks are flooded with water to
submerge; or they are filled with compressed air
to surface. '

The compressed air for the pneumatic
gystem i§ maintained in storage tanks (called
banks) at’ a pressure. of 4,500 psi. During
surfacing the pneumatic system delivers
compressed air to the desired control tanks.
Since the pressure of the alr is greater than the
pressure of the water, the water is forced out of
the tank. As a result, thé weight of the ship
decreases; it becomes more buoyant, and thus
tends to rise to the surface.

HEAT .

. You undOubtedly know from experience
that heat and temperature are related; however

-

VR

they are not the same. Water from a water main
feels cool until it has been over a fire a few
minutes. It evidently must have received
something from the fire. If you place two
pennies tagether, one of which was heated by
being held in the flame of a match, in a short
time the two pennies will be equally warm.
Again, something passed into the cooler object
and made it hot. That somgthing is called heat.

Many forms of mechanical action alsg’ .
produce considerable quantities Qf heat. For .
example, you rub your hands together to warm
them when they are cold. Matches are ignited by
rubbing them on a rough surface. A Hull
Maintenance Technician can notice heat in‘a
piece of metal after hammering it; and the head
of a nail is heated when the nail is driven into
wood. ;

The molecyles in the nail (as in all matter)
are in continual motion. The blow on the nail

- increases the molecular motion. The molecules
.in the top layer receive the impulse from the

" Thus,

24
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hammer and vibrate with greater violence. The
increased vibration and energy of motion is
passed op to layer after layer of molecules.
the effect produced by the blow is a
general increase in the motion of the molecules.
This energy of molecular motion is called heat.

v

Because molecules are constantly in motion,
they exert a pressure on the walls of the pipe,
boiler, cylinder, or other object in which they
are contained. Also, the temperature of any

substance arises from and is directly
prportional to the' activity of the molecules.
Therefore, every time you read thermometers

and pressure gages you are finding out
something about the amount of internal energy
contained in the substance.High pressures and
temperatures indicate that the molecules are
moving rapidly and that the substance therefore
has a lot of internal energy.

Heat is a more familiar term that ,internal
energy/, yét one that may actually be more
difficult to define correctly. The important
thing to remember is that HEAT 1S THERMAL
ENERGY IN TRANSITION—that is, it is
thetrmal ehergy that is moving from one
substance orﬁsystem to another

7
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An example will help tobillustrate the
difference between heat and internal energy.
Suppose there are two equal lengths of pipe,
made of identical materials and containing steam
at the same pressure and temperature. One pipe
is well insulated, the other is not insulated atall.
From everyday experience you know that more
heat will flow from the uninsulated pipe than
from the insulated pipe. When the two pipes are
first filled with steam, the steam in one pipe
contains exactly as much internal enerfly as the
steam in the- other pipe. We know this is true
because the two pipes contain equal volumes of
"steam at the same pressure and at the same
temperature. After a few minutes, the steam in
the uninsulated pipe will contain much less
internal energy than the steam in the insulated
ipe, as we can tell by measuring the pressure
g;?d the temperature of the steam in each pipe.
hat has happened? Stored thermal
energy —internal energy —has moved from one
place to another, first from the steam to the
pipe, then from the uninsulated pipe to the air.
The MOVEMENT or FLOW of thermal energy is
what should be called heat.

Units of Measurement

Both internal energy and heat are* usually
measured using the unit called the BRITISH
THERMAL UNIT, (Btu). For most p%r\

* engineering purposes, |1 Btu is defined athe
amount of,;thermal energy required to raise the

temperature of 1 pound of water |°F.

When large amounts of thermal energy are
involved, it is usually more convenient to use
multiples of the Btu. For example. | kBtu is
equal to ‘1,000 Btu, and" | mBtu is equal to
1,000,000 Btu.

" Another unit in which thermal energy may
2e measured is the CALORIE, the amount of
eat required to raise the temperature of | gram
of water 1° C. One Btu equals 252 calories.

Sensible Heat and Latent Heat

Sensible heat and latent heat are terms often
used to indicate the effect that the flow of heat
" has on a substanrce. The flow of heat from one

[y
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substance to another is normally reflected in a
temperature change in each substance—the
hotter substance becomes cooler, the cooler
substance becomes hotter, However, the flow of
heat is not reflected in a temperature change in a

N4

substance which is in the process of changing.. -

fram one physical state (solid, liquid, or gas) to
another. When the flow of heat is reflected in a
temperature change, we say that SENSIBLE
HEAT has been added to or removed from the-

. Substance. When the flow of heat is not reflected

.

in a temperature change bat is reflected in the
changing physical state of a substance, we say
that EATENT HEAT has been added or
removed, e

Does anything bother you in this last
paragraph? It shoyld. Here we are talking about
sensible heat and Tatent heaf as though we had
two different kinds of heat to'consider. As
noted before, this is common (if inaccurate)
engineering language. So keep the following
points clearly in mind: (1) ‘heat is the flow of
thgrmal energy; (2) when we talk about adding

“and removing "heat, we mean that we are

providing temperature differentials so that
thermal energy can flow ffom one substance to
another; and (3) when we talk about sensible
heat and latent heat, we are talking about two
different kinds of EFFECTS that can be
produted by heat, but not about two different
kinds of heat. '

The three basic physical states of all matter

~are SOLID, LIQUID, and GAS (or vapor). The®

25

physical state of a substance is closely related to
the distance between molecules. As a general
rule, the molecules are closest together in solids,
farther apart in liquids, and farthest apart in
gases. When the flow of heat to a substance is
not reflected in a temperature change, we know
that the energy is being used to increase the
distance between the molecules of the substance
and thus to change it from a solid to a liquid or
from liquid to a gas. You might say that latent
heat is the energy price that must be paid for a
change of state from solid to liquid or from
liquid to gas. The energy is not lost: rather, it is
stored in the substance as internal energy, The
energy price is repaid, so to speak, when the
substance changes back from’gas to liquid or
from liquid to solid, since heat flows from the
substance during these changes of state.

81
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Figure 3-4.—Relationship between sensible heat and latent heat for water at atmoshperic pressure.

A

Figure 3-4 shows the relationship between
sensible heat and latent heat for one sugﬂtance,
- water, at atmospheric pressure. (The same kind
of chart could be drawn for other substances;
however, different amounts of thermal energy
would be involved in the changes of state.)

If we start with 1 pound of ice at 0° F, we
must add 16 Btu to rasie the temperature of the
ice to 32° F. We call this adding sensible heat.
To change the pound of ice at 32° F to a pound
of water at 32° F, we musd add 144 Btu (the
LATENT HEAT OF FUSION). There will be no

ERIC. |
we o,

x
W
~

change in temperature while the ice is melting.

After all the ice has melted, however, the
temperature of the water will be raised as
additional heat is supplied. If we add 180
Btu—that is, 1 Btu fot each degree of
temperature between 32° F and 212° F—the
temperature of the water will be raised to the
boiling point. To change the pound of water at
212° F tg a pound of steam at 212° F, we must
add 97 :
VAPORIZATION). After all the water has been
converted to steam the addition of more heat

| | 32 . .
‘ ._ 26 .

¥

381

Btu (the LATENT HEAT OF

B g -
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will cause an increase in the temperat@re of the

“steam.“If we add about 44 Btu to the pound of
steam which is at 212° F, we can superheat it to

300° F.

The same. relationships apply when heat is
being removed: The removal of 44 Btu from the
pound of steam which is at 300° F will cause the
temperature to drop to 212° F, As the pound of
steam at 212° F change&}o a pound of water at
212° F, 970 Btu are given’ off. When a substance

. is changing frbm a gas or vapor to a liquid, we

-usually use the term LATENT HEAT OF
'CONDENSATION for the heat that.js given off,

. Notice, however, that the latent heat of
condensation is exactly the same as the latent
heat of vaporization. The removal of another
180 Btu of sensible heat will lower the
temperature of the .paund of water from 212° F
to 32° F. As the pound of water at 32° F
changes to a pound of ice at 32° F, 144 Btu are
given off without any accompanying change in
temperature. Further removal of heat causes the
temperature of the ice to decrease.

N
TEMPERATURE ¢

The temperature of an object is a measure of
how hot or cold the object is; it can be measured
by thermometers and read on their temperature
scales.. -

The temperature scales employed to measure
' temperature are the Fahrenheit scalc and the
Celsius (centigrade) scale. In engine. ring and for
practically all purposes “in the Navy, the
Fahrenheit scale is used. It may, however, be
necessary for you to convert Celsius readings to
the Fahrenheit scale, so both scales are
explained here.

The FAHRENHEIT SCALE has two main
reference points—the boiling point of pure water
at 212°, and the freezing point of pure water at
32°. The size of a degree of Fahrenheit is 1/180
of the total temperature change from 32° to
212°. And the scale can be extended in either
direction—to higher. temperatures without any
limits, and to lower temperatures (by using
MINUS degrees) down 1o the lowest
temperature theoretically possible, the absolute
zero. This temperature is -460°, or 492° below
the freezing point of water. ;

v
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In the CELSIUS SCALE, the freezing point
of ‘pure water is 0° and the boiling point of pure
water is 100°. Therefore, 0° € and 100° C are
equivalent to 32° F and 212° F, respectively.
Each degree of Celsius is larger than a degree of
Fahrenheit since there are only 100° Celsius
between the freezing and boiling points of
water, while this same temperature change
requires 180° on the Fahrenheit scale. Therefore

the degree of Celsius is il_g_g or 1.8° Fahrenheit.

In’ the Celsius scale absolute zero is -273°.
Figure 3-5 shows the two temperature scales
in comparison and also introduces the simplest
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of the temperature measuring instruments, the
liquid-in-glass thermometer.” The two
thermometers shown are exactly- alike in size

ang; shape; tht only difference is the outside
mar‘kmgs or scales on them. Each thermometer .
is a hollow glass tube which has a mercury-filled

bulb at the bottom, and which is sgaled at the

_top. Mercury, like any liquid, cxpands when

heated and\will rise in the hollow tube. The
illustration shows the Fahrenheit thermometer
with its bulb standing in ice water (32° F), while
the TCelsius thermometer is in boiling water
(100° Q).

The essential pomt to remember is that the
level of the mercury in a thermometer depends
only on the temperature to which the bulb is
exposed. If , you were to exchange the
thermometers, the mercury in the
thermometer would drop to the level at which
the mercury now stands in the Fahrenheit
thermometer, while the mercury *in the
Fahrenheit thermometer would rise to the level

which the mercury now stands in the Celsius
thermometer. The temperatures would be 0° €

for the ice water and. 212° F for the boiling

water.
If you place both thermometers in water
containing lumps of ice, .the Fahrenheit-

thermometer will read 32° and the Celsius
thermometer will read 0°. Heat the water
slowly. The temperature will not change until

Celsius.

»

the ice in the water has completely melted (a =

great deal of heat is required just to melt the
ice), then both mercury columns will beg,m to
rise. thn the mercury level is at the +10° mark
on the Celisius thermometer, it will be at the
+50° mark on the Fahrenheit thermometer. The
two columns will rise together at the same speed
and, when the water finally boils, they will stand
at 100° C and 212° F, respectively. The same
temperature change —that is, the same amount of
heat transferred to the water—has raised the
temperature 100° Celsius and 180° Fahrenhcit,
but the actual change in heat energy is exactly
the same.

' COMBUSTION

The term “combustion” refers to the rapid
Jwmical union of oxygen with a fuel. The

perfect combustion of fuel should result in

28
34

carbon dioxide, nitrogen, water vapor, and
sulphur dioxide. The oxygen required to burn

the: fuel is obtained from the air. Air is a

mechanical mixture containipg by weight 21
percent oxygen, 78 percent hitro;,en and 1
percent other gases. Only oxygen is used in
combustion of the fucl; nitrogefl is an inert .gas
which has no chemical effect: upon the
cofmbustion. T

* The chemical com'bmatlon obtained during
combustion results in the llbﬂlon of heat

energy, a portion of which is, used to propel the -

ship. Actually, what happens is a rearrangement
of the atoms of the chemical elcments into new
combinations of molecules. In other words, as

various chemical elements in the fuel begin to
scparate from each other and to unite with
certain amounts of oxygen to form entirely Hew
substanus which give off heat encrgy in’ the
process. A good fuel has a high”speed of
combustion, thus producing a large amount ot
heat in a short time. .

PERFECT COMBUSTION is the objectxvc
However, this cannot be achieved as yct in ¢ither
a boiler' of the cylinders of an
internal-combustion cngine. Theorctically, it is
simple. It consists of bringing cach particle of
the fuel (heated to its ignition temperature) into
.contact with the correct amount of oxygen. The
following factors arc involved:

1. Sufficient air must be supplicd.

2. The air and fl‘el particles must bc
‘thoroughly mixed.

3. Temperatures must be high enou;_,h to
maintain combustion.

4. Enough time must be allowed to permit
completion of the process.

However, COMPLETE COMBUSTION can
be achieved. This is accomplished by supplying,
more oxygen to the process than would be
required if perfect combustion were possible.
 The result is that some of the exccss oxygen
appears in the combustion gases. '

+ the temperature of the fuel oil in the presence of’
oxyaen is increased to thc ignition point, the'

a
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STEAM

Steam is water to which enough heat has
been added to convert it from the liquid to the
gaseous state, When heat is added to water in an
open container, steam forms, but it quickly
mixes with air and cools back to water which is
dispeérsed in the air, making the air more humid.
If you add the heat to water in a closed
container, the 'steam builds up pressure. If you
add exactly enough heat to convert all the water
to. steam at the temperature of boiling water,
you get saturated steam. SATURATED STEAM
is steam saturated with all the heat it ‘can hold at
the boiling temperature of water.

The boiling temperature of water becomes
higher as _ghe pressure over the water becomes -
higher, "Steam hotter than the boiling
temperature of water is called SUPERHEATED
STEAM. When 'steam has 250° F of superheat,
the actual- temperaturc is the boiling
temperature plus 250° F. At 600 psi the boiling
temperature of water is 489° F. So if steam at
600 psi has 250° F of superheat, its actual
temperature is 739° F. WET STEAM is steam at
the boiling temperature which still contains
some water particles. DESUPERHEATED
STEAM is steam which has been cooled by being
passed- through a pipe extending through the
steam drum; in the process the steam loses all
but approximately 20°F or 30°F of its
superheat. The advantage of desuperheated
steam is that it is certain to be dry, yet not so
hot as to require special ‘alloy steels for the
construction of the piping that carries the
desuperheated steam about the ship.

3

" METALS

As you look around, you see that not only is
your ship constructed of metal, but also that the
boilers, piping system machinery, and even your
bunk and locker are constructed of some type of
metal. No, one type of metal can serve all the g
needs aboard ship. Many types of metals or

,metal alloys must be used. A strong metal must

be used for some parts of a ship, while a
lightweight metal ¢is needed for other parts.
Some areas require special metal that can be,
shaped or workgg’\@% easily. h

¢ -
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The physical properties. qff some metals or

.metal alloys make them moreé. suitable for one

. o=

use than for another. Various terms are used in
describing the physcial properties of metals. By
studying the foHowing .explanations of these
terms you should have a better understanding of
why certain metals are used on one part of the
ship’s structure and not on another part.

STRENGTH refers to the ability of a metal
to maintain - heavy loads (or force) without
breaking. Steel, for example, is strong, but lead
is weak. . "

HARDNESS refers to the ability of a metal
to resist penejration, wear, or cuttmg actnon

- MALLEABILITY is a property of a metal
that allows it to be rolled, forged, hammered, or
shaped, without cracking or breakmg Copper is
a very malleable metal.

BRITTLENESS is a property of a metal that
will allow it to shatter easily. Metals such as cast
iron or cast aluminum, and some very hard steels
are brittle,

DUCTILITY refers to the abijlity of a metal |
to stretch or bend without breaking. Soft iron,
soft steel, and copper are ductile metals. .

TOUGHNESS is the property of a metal that
will not permit it to tear or shear (cut) easily
and that allows it to stretch without breaking.

Metal preservation aboard ship is a
continuous operation since the metals are
constantly exposed to fumes, water, acids, and
moist salt air; all of these will eventually cause
corrosion. The corrosion of iron and steel is
called rusting and results in the formation of
iron oxide (iron and oxygen) on the surface of
the metal. Iron oxide (or rust) can be identified
easily by its reddish color. (A blackish hue
occurs in the first stage of rusting byt is seldom

thought of as rust.) Corrosion ean be reduced or,
prevented by using better grades of base metals. " "™

by adding special metals such as nickel and
chromium, or by coating the surface with paint =
or other metal preservatives. .

Metal and alloys are divided into two general
classes: ferrous and nonferrous. Ferrous metals
are those that -are composed primarily of iron.
Nonferrous metals are those that are composed

29
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prixnarily of some element or elements other
than_iron. One way to tell a common ferrous
metal from a’‘nonférrous metal, is by using a
magnet; most ferrous metal is magnetnc and
nonferrous metal is nonmagnetic.

Elements must be alloyed . (or mixed)
together to obtain the desired physical
properties of a metal. For example, alloying (or
mixing) chromium and nickel with iron
produces a metal known as special treated steel.
Special treated steel (STS) has great resistance to
penetrating and shearing forces and is used for
gun shields, turrets, protective decks, and other
vital areas. A nonferroug alloy that has many
uses abeard ship is copper—mckel which is used
extensivel salt / water piping systems.
Copper-nickel is produced by mixing copperand
nickel together. There are many other different
metals and alloys used aboard ship which will
not be discussed here.

Withrall the different types of r sed
aboard ship, sofne way must be used to identify
these metals in the storeroom. At the prgsent
time, the Navy utilizes two systems) of

(identifying’metals: the continuous identificatjo
marking system and the color marking system.

-

T ‘

7

These systems have been so designed thalt}ven
after a portion of the metal has been rerfioved
the identifying marks are still visible.

In the continuous 1dentiﬁcatnon.markmg

- system, . the identifying information is actually
painted on the metal with a heavy ink. This
marking appears at specified intervals over the
length of the metal. The marking contains the
producer’s trademark and the commercial
designation of the metal.
indicates the physical condition of the metal .
such as ‘‘cold drawn,” “‘cold rolled,” “seamless,”_
and others. ’

In the color marking sygtem a series of color
symbols with a related color code is used to
identify metals. “Color symbol” refers to a color
marking actually painted on the metal. The
symbol is composed of one, two, or three colors
and is painted on the metal in a conspicuous
place. These color symbols correspond to the
elements of which the metal is composed.

For further information on the metals used |
aboard ship, their properties and identification
systems, refer to the Rate Training Manual, Hull
Maintenance Technician 3 & 2, NAVEDTRA
10573. .

The marking also - -




The primary, function of any marine
engineering plant is to convert the chemical
energy of a fuel into useful work and to utilize

.. that work in the propulsion of the ship. A
propulsion unit consists of the machinery and
equipment, including their controls, which are
mechanically, electrically, or hydmuhcally
connected to a propulsion shaft.

This chapter contains information on the
principles of ship propulsion and, in addition,
acquaints you with some of the different types
of ship propulsion units, which include the
geared-turbine drive, the turboelectric drive,
diesel electric drive and the, straight diesel engine
“ drive.

' PRINCIPLES OF
SHIP PROPULSJON

A ship is propelled through the water by
means of some device which imparts velocity to
a column of water and moves it in the direction
opposite the direction in which it is desired to
move the ship. A reactive force (thrust) is
thereby developed against the velocity-imparting
device, and this thrust, when transmitted to the
ship, causes the ship to move through the water.
All propelling devices—oars, paddle wheels, and
propellers—are designed to move a column of
water in order to build up a reactive force
sufficient to move the ship.

The screw-type propeller is the propulsion
device used in practically all naval ships. The
thrust developed on the propellér is transmitted
to the ship’s structure by the shaft through the
thrust bearing. On most steam-driven ships, the

SHIP PROPULSION
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mechanical enefgy required to turh the propeller
is provided by the turbines. Reduction gears are
used on practically all team—dl;yin ships to
connect the turbine tothe shaft in a manner
that .allows the turbines to operate at high
rotational speeds while the propellers operate at
lower rotational speeds, thus allowing rost

efficient operation of both turbines and
propellers.

The general principle of ship propulsion. is
illustrated in figure, 4-1.

<

¥

TYPICAL
PROPULSION UNITS

Propulsion units with various types and
designs of prime movers are currently in use in
naval ships. The prime movers of a propulsion
unit may be either a geared turbine, a turbine
and a generator, a diesel engine and a generator,
or a straight diesel engine. These are the most
common types of prime* movers of propulsion
units with which we are most concerned.

GEARED-TURBINE DRIVE

In the geared-turbine drive, the unit parts or
sections that make up the individual propulsion

_units consist of the main turbmes and the

redmtlon gear.

Figure 4-2 shows the general arrangement of
the turbines and gears in a geared-turbine
propulsion unit. Not all geared-turbine plants«
have the cruising turbipe which is included in
the diagram. Ordinarily(, cruising turbines will be
found in only the older destroyers’.
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In a. typical destroyer propulsion plant, the
speed reduction ratio between the cruising
turbine shaft and high pressure turbine shaft is
approximately 1.8 to 1. The speed gatio between
the high pressure turbine shaft®dnd propeller
shaft is 16 to 1, and the ratio between the low
pressure turbme and propeller shaft is 13 to 1.
In other words, in operation, if the propeller
shaft is revolving at 100 rpm, the cmmug

ASTERNM ELLEMENT
LN . / N

Ve

Figure 4-1.—General principle of ship propulsion.

turbine will be revolving at 2,880 rpm (1.8 X 16
X 100), the high pressure turbine at 1,600 rpm
(16 X 100), and the low pressure turbine at
1,300 rpm (13 X 100). ‘

* Figure 4-2 shows two astern elements, one 5‘1’
each end of the low pressyre turbine. This
arrangement is typical for combatant type ships;
auxiliary type ships,usually have one astern
element instead of two, and that one invariably
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Figure 4-2.~Geared-turbine propulsion unit.
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is located at the forward end of the low pressure
turbine- (the end\ farthest from the reduction
gear). ) A

. The propu]sioh shaft, which extends from
ain gear (low:speed) shaft of the reduction
gear to ropeller, is supported and held in

alignment at the spring bearings, the stern tube -

bearings, and strut bearing. The axial_thrust,

TURBOELECTRIC DRIVE

urboelectric drive installations have a single * |,
turbine unit for each installed shaft. Figure 43° -~
shows the diagrammatic:atrangement of a '
. turboelectric propulsion unif. A¥'yon can see, .*.
the propulsi®n unit includes a_ tuibine, main ..

 generator, propulsion motor, and a propulsion.

acting on the propulsign shaft as a result of the

pushing effect of the propeller, is absorbed in
the maip. thrust bearing. In most ships, the main
thrust bearing is located ‘at the forward end of

the main shaft, within the reduction gear casing. -

In some very large shipé? however, the main

shaft thrust bearing is located farther aft in a .

machinery space or a shaft a‘,]le}y.

control board, a ditect current generator for
supplying rotor field current to the propulsion -
motor and excitation current to the génerator.
Figure 44 is an illustration of a typical control

- board.

The speed reduction ratio bémggn‘,atnfbihév,:.
and propeller in the turboelectric drive is
approximately the same as in the gearedl-turbiQe/

-
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Figure 4-5.-Main propulsion diesel engine.
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drive and is brought about electrically. For
example, in one class of turboelectric drive type
destroyer escort, \the normal operating range
fixed 'speed ratio between the turbine-generator
set and the propulsion motoris 14 to 1.

One of the outstanding differences between

geared drive and electric drive is that the latter
does not have an astern turbine element. In the
electric drive the direction of rotation of the
propulsion motor, and consequently the
- propeller, is controlled by the electrical switch
setdp. Therefore, there is no need to reverse
turbine rotation for astern oper’atiogy " ‘

DIESEL ELECTRIC DRIVE

Diesel electric drive is best suited to ships in
the low or medium horsepower range up to
about 6,000 shaft horsepower. It has been
installed in approximately 175 escort ships and
500 surface ships and craft of other types,
including minesweepers, submarine tenders,
older submarines. fleet and harbor tugs, fuel oil
tankers and barges, rescue and salvage craft and
miscellarieous unclassified craft. '

Y] . )

@

b
Figure 4-5 shows one of the main prop%lsion

¢ diesel engines aboard an oceanographic research

ship. Figure 4-6 shows the main propulsion
switchboard operating station aboard the same
ship. .

%, The propulsion equipment for a fleet tug
that utitizes diesel electric drive consists of four
diesel-cngine driven generators furnishing power
to one propulsion motor rated at 3,000
horsepower which in tum drives the propeller.
The four generating units are normally located
amid-ships—two on the port side and two on the
starbqard side. .

¥
The control of direction (forward or reverse)
and the speed of propellet rotation is
accomplished at the control board. A typical
control board installation aboard 4 fleet tug is
shown in figure 4-7. °

In the propulsion plants of some
diesel-driven ships, there is no mechanical
connection ,between tthengine(s) and the
propeller(s). In such plants;” the diesel engines
are connected directly to generators. The
electricity produced by-such an engine-driven

[
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Figure 4-6.—Main ;;ropulsion switchboard, enclotad oparating station. |
v
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generator is transmitted through cables to a
motor. The motor is connected to the propeller
shaft directly, or indirectly, through a reduction
gear. When a reduction gear is included in a
diesel electric dnive, the gear is located between
the motor and the propeller.

The generator and the motor of ,a djsSel
electric drive may be of the alternating cujrent
(a<c) type or of the direct current (d<) type.
Almost all diesel electric drives in the Navy,
however, are of the direct current type. Since
the speed of .a d-c motor varies directly with the
voltage furnished by the generator, the control
system of an clectric drive is so arranged that the
generator @oltage can be changed at any time.
An increase or decrease in generator voltage is
used as a means to control the speed of the
propeller. Changes in generator voltage may be
brought about by electrical means, by changes in
engine speed, or by a combination of" these
methods. The controls of an electric drive ‘may
be in a location remote from the engine, such as

. the pilot house.

'

]
In a d< electric drive, a reverse gear cannot’
be used to reverse the direction of rotation of

\
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- the propeller. The electric system is arranged so

that the flow of current through the motor can
be reversed. This reversal in the flow of current
causes the motor to revolve in the opposite
direction. Thus, the direction of rotation of the
motor and of the propeller can be controlled b

manipulating the electrical controls. |

DIESEL ENGINE DRIVE

Diesel engine drive is used on various types
of auxiliary ships and craft such as
minesweepers, subchasers, ammunition ships,
patrol craft, landing ships (LST), and numerous
other yard craft and small boats. You may also-
find diesel drive on a few of the older destroyer
escorts. !

The Navy uses the diesel engines except
where special conditions favor the gasoline
engine. Standardization of fuels, cheaper fuel,
and reduction in fire hazards have been the chief
factors in favor of the diesel engine.

The diesel engine used in some of the older
destroyer escorts developed approximately
6,000 hp. The diesel engines of minesweepers

?ﬂ
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- and subchasers will develop approximately

1,800 hp; while some of the cngines in the

smaller yard craft will develop from 190 to 225

hp. A typical diesel_engine s shown in figure
4-8.

Some dicse! engines are directly reversible,
This means that the propeller shaft is connected
directly to the diesel engine, so that the speed of
the propeller shaft is controlled by the speed of

the diesel engine. When it becomes necessary -to-

change the direction of rotation of the propeller
shaft, the dicsel engine must be stopped, the
cam shaft of the engine must be shifted for
reverse rotation, and then the engine is restarted.
This allows the engine to operate in the opposite
direction; thus reversing the rotational direction

EXHAUST BANIFOLD

REVERSING CLUTCH

of the propellq( shaft. You can see that this

would take time and be yery hard to do if
sudden changes in direction were required.

To eliminate this stopping-starting situation
and to make a smoother transition from forward
to reverse in less time, reverse-reduction gears,
clutches, and hydraulic couplings are used.
(These are discussed in the following sections of

* this chapter.)

CONVERTING
POWER TO DRIVE .,

The basic characteristics of a propulsion unit
make it necessary, in most instances; for the

-
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Figure 4-8.—Typical diesol engine and reduction gsar,
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. drive mechanism to change both the speed and Which effects the speed reduction, is call;: a
the direction of shaft rotation. In order that eduction gear.
both the engine and the propeller may operate -l )
efficiently, the engine in many installations REDUCTION GEARS ,
includes a- device which permits a speed '
_reduction from the engine to the propeller shaft. Turbines must operate at relatively
“This device, whrch isa combmatlon of gears and spegds for maximum efficiency, where

.
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propellers must operate at lower speeds for
maximum efficiency. Reduction gears are used,

therefore, to allow both the turbine and the -

propeller to operate within their most efficient
revolutions per minute (rpm) ranges. A typical
reductiog, gear illustration is shown in figure 4-9.

The use of reduction gears is by no means
limited to ship propulsion. Other steam
turbine-driven machinery, such as ship’s service
generators and various pumps, also has reduction
gears. In these units of machinery, as well as in
shipboard propulsion units, turbine operating
efficiency requires a higher rpm range than that
suitable for the driven unit.

Reduction gearing in many current

combatant ships makes use of double helical

gears. The use of gouble helical gears produces a
smoother actiqnhof the reduction gearing and
avoids tooth shock. Since the double helical gear
has two sets of teeth at complementary angles to
each other, the end thrust, such as developed in
single helical gears, is thereby eliminated.

Reduction gears are classified by the number
of steps used to bring about the speed reduction
and the arrangement of the gearing. A gear
mechanism consnstmg of a pair of gears or a
small gear (pinion) driven by the turbine shaft,
which drives a large (bull), gear on the propeller

shaft directly, is called a SINGLE REDUCTION

GEAR. In this type of arrangement the ratio of
speed reduction is proportional to the diameter
of the pinion"and the gear. For example, in a 2
to 1 single reduction gear the diameter of the
driven gear is twice that of the driving pinion;
and in a 10 to 1 single reduction gear, the
gilameter of the driven gear is 10 times that of
e driving pinion.

Ships built smce 1935 have DOUBLE

REDUCTION PROPULSION GEARS. In this
type of gear, hg\l:\gh-speed pinion, connected to
the turbine shift by a flexible coupling, drives
an- intermediate (first Jeduction) gear which is
connected by a shaft to the lowspeed pinion;
this, in turn, drives the bull gear (second

) reductlon) mounted on the propéller shaft. For
_example, a 20 to 1 (6000-300) speed reduction

might be accomplished by having a ratno of 2 to
1 (6000-3600) between the high-speed pinion
and the first reduction gear, and a ratip of 10 to
1 (3000-300) between the low-speed»pinion on

-

Q

"are connected to the propeller shs

| LOW PRESSURE 1yr

the first reduction shaft and the second
reduction gear on the propeller shaft

(6000 +2 = 3000 + 10 = 300).
For a typical example of a double reduction

application, let us consider the main reduction
gear installation on a DD-692 class destroyer,

- shown in figure 4-9.

The cruising turbine is connected to the high
pressure turbine through a single reduction gear,
The cruising turbine rotor carries with it a
pinion which drives the cruising gear (coupled to
the high pressure turbine shaft)."The cruising
turbine rotor and pinion are supported by three.
bearings, one at the forward end of the turbine
and one on each side of the pinign in the
cruising reduction gear case,

The high pressure and low pressure turbmes
through a
locked-train type double reduction Bear, shown
in figure 4-10. (Note: This type .of reduction
gear is used aboard many naval combatant
ships.) First reduction pinions are conpected by
flexible couplings to the turbines. Each of the

first reduction pinions drives two first reduction -

gears. A second reduction (slow speed) pinion is
attached to each of the first reduction gears by a
quill shaft and flexible couplings. These four

LOW pRESSURE 131
RECUCTION GRARS

Sow ratssunt g
GEOUCTION PINID:

REDUCTION PINION

HIGH PRESSURE 1y
REDUCTION MNION
’

HIGH PRESSURE 20
HIOH PRESSURE 13t RECUCTION PIN:ONS
»

REDUCNION GEARS

- 4727

Figure 4-10.—Locked-train type gearing.
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‘pinions drive the second reduction (bull) gear
which is atta to the propeller shaft.

CLUTCHES AND
REVERSE GEARS

Clutches are normally used on direct-drive
propulsion engines to provide a means of
~ disconnecting the engin£ from the propeller
shaft. In small engine$ clutches are usually
\/ combined with reverse gears and are used for
maneuvering the ship. In large engines special
types of clutches are used to obtain special
coupling or control characteristics and to
prevent torsional (twisting) vibration.

Reverse gears are used on marine engines to
reverse the direction of rotation of the propeller
shaft, during maneuvering, without changing the
direction of rotation of the engine. They are
used principally on relatively small engines. If a
high-output engine has a reverse gear, the gear is

.used for low-speed operation only and does not

have full-load and fullspeed capacity. For
maneuvering ships with large direct-propulsion
engines, the engines are reversed.

Diesel propelling equipment on.a boat or a
ship must be capable of providing backing-down
power as well as forward power. There are a few
ships and boats in which backing down is
accomplished by reversing the pitch of the
propeller; in most ships, however, backing down

- is accomplished by reversing the direction of
rotation of the propeller shaft. In mechanical .
drives, reversing the direction of rotation of the
propeller shaft may be accomplished in one of
two ways; by reversing the direction of engine
rotation or by using the reverse gears.

The drive mechanism of a ship or a boat is
required to do. more than reduce speed and
reverse the direction of shaft rotation. It is
frequently necessary to operate an engine
without having power transmitted to the
propeller. For thisfeason, the drive mechanism
of a ship or boat must include a means of
disconnecting the engine from the propeller
shaft. Devices which are used for this purpose
are called clutches.

41
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The ‘arrangemenf\ of the components
depends on the type and size of the installation.
In some small installations, the clutch, the
reverse gear, and the reduction gear may be
combined in a single unit; in other installations,
the clutch and the reverse gear may be in one
housing and the reduction gear in a separate
housing attached to the reverse gear housing.

Ip large engine installations, the clutch and
the reverse gear may be combined; or they may -
be separate units, located between the engine
and a separate reduction gear; or the clutch may
be separate and the reverse gear may be
combined.

In most geared-drive, multiple propeller
ships the propulsion units are independent of
each other. An example "of this type of
arrangement is illustrated in figure 4-11.

In some installations the drive mechanism is
arranged so that two or more engines drive a
single propeller. This is accomplished by having
the driving gear, which is on-—or connected
to—the crankshaft of each engine, transmit
power to the driven gear on the propeller shaft.
In one type of installation, each of two
propellers is driven by four diesel engines (quad
power unit). The arrangement of the engines,
the location of the®duction gear! and the
direction of rotation of the crankshaft and-the

eller shaft in one: type of. ‘“‘quad” power
unit are illustrated in ﬁgure,4—-‘l' 2.' .

The drive mechamsm dlustrated includes
four clutch assemblies (One mountéd to each
engine flywheel) and one gear box. The box
contains two drive pi dons and the main Wrive
gear. Each pinion is driven by the clutch shafts
of two engines, through splines in the pinion
hubs. The pinions drive the single main gear,
which is connected to the propeller shaft.

Friction clutches are commonly used with
smaller, high-speed engines, up to 500 hp.
However, certain friction clutches, in
combination with a jaw type clutch, are used
with engines up to 1,400 hp; and pneumatic
clutches, with a cylindrical friction surface are
used with engines up to 2,000 hp.

47.
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Chapter 4—SHIP PRO}PULSION

—;  |REDUCTION cEAR])

~

SRSENPLIRPE SRR

Figure 4-12.—Four engines (quad unit) arranged to drive one propeller (GM 6-71).

Friction clutches are of two general styles;
the disk and the bank styles. In addition,
friction clutches can be classified as dry or wet
types, depending on whether the friction
surfaces operate with or without a lubricant.
The designs of both types are similar, except
that the wet clutches require a large friction area
because of the reduced friction coefficient
between the lubricated surfaces. The advantages
of wet clutches are smoother operation and less
wear of the friction surfaces. Wear results from
slippage between the surfaces not only during
engagement and disengagement, but also, to a
certaip extent, during the operation of the
mechanism. Some wet type clutches are filled
with oil periodically; in other clutches the oil is
a_part of the engine-lubricating system and is
circulated continuously. Such a friction clutch
incorporates provisions which will prevent
wormn-off particles from being carried by the
circulating lubricating oil to the bearings, gears,
etc.- '

-~ The friction surfaces are generally
constructed of different materials, one being of
cast iron or steel; others are lined with some
asbestos-base composition or bronze for dry

Q

LAY

“~ i

[cvrenss] © L

76.249X
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clutches, and bronze, cast iron, or stzdfor wet
clutches. Cast iron surfaces are preferred because
of their better bearing qualities and greater
resistance to scoring or scuffing.

Force-producing friction is needed to engage
the frictigp clutches and can be obtained either
by mechanically jamming the friction surfaces
together by some toggle-action linkage, or
through stiff springs (coil, leaf, or flat-disk
type). The operation of friction clutches is
discussed in the paragraphs which follow.

TWIN-DISK CLUTCH AND GEAR
MECHANISM.—One of the several types of
transmissions used by the Navy is the Gray
Marine transmission mechanism. Gray Marine
high-speed diesel engines are generally equipped
with a combination clutch and a reverse and
reduction gear unit—all contained in a single
housing at the after end of the engine.

The clutch assembly of the Gray Marine
transmission mechanism is contained in the part

~of the housing nearest the engine. It is a dry

43
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type, twinddisk clutch with two driving disks.
Each disk is connected ®hrough shafting to a
separate reduction gear train in the after part of
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the housing. One disk and reduction train is for
reverse rotation of the shaft and propeller; the

other disk and reduction train is for forward

rotation,

JOE’S CLUTCH AND REVERSE GEAR.—A
typical gear mechanism found on many power
boats is Joe’s clutch and reverse gear, shown in
figure 4-13. The drive from the engine
crankshaft is taken into the clutch and reverse
gear housing by an extension of the crankshaft
drive gear. The crankshaft rotation is
transmitted to the reduction gear shaft through
the clutch and the reverse gear unit.

AIRFLEX CLUTCH AND GEAR
ASSEMBLY.—On the larger diesel-propelled
ships, the clutch, reverse, and reduction gear
unit has to transmit an enormous amount of

DISK CLUTCH

PLUNGER
TOGGLE ASSEMBLY

-
*

power. To maintain the weight and size of the
mechanism as low ossible, special clutches
have been designed Zér large diesel installations.
One of these is the airflex clutch and gear,
assembly used with General Motors 12-567A -
engines on LSTs.

" A typical airflex clutch and gear assembly
for AHEAD and ASTERN rotation, is shown in
figure 4-14. There age two clutches, one for
forward rotation and *one for reverse rotation.
The clutches, bolted to the engine flywheel,
both rotate with the engine at all times at engine
speed. Each clutch has a flexible tire (or gland).
on the inner side of a steel shell.. Before the tires
are inflated, they will rotate out of contact with
the drums, which are keyed to the forward and
reverse drive_shafts. When air under pressure
(100 psi) is sent into one of the tires, the inside

S

BEARING, CAGE
=
CONE GLUTCH

{

COLLAR
AND YOKE

REDUCTION
GEAR SHAFT

PROPELLER
DRIVE SLEEVE

BAND

PINION GEAR
LONG)

FRONT COVER

N D ENGINE
SHAFT

ENGINE SLEEVE
DRUM ’ . .

PINION GEAR
s (SHORT)

75.254

. {" Figure 4-13.-—0\1mway view of Joe’s clutch and reverse gear: .
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Chapter 4—SHIP PROPULSION

MAIN GEAR

AIR CONTROL HOUSING
AHEAD

UPPER SHAFT

MAIN REVERSE PINION

n-""‘“'

!
¥
el
o
i
'

ASTERN

) FORWARD DRIVE
~ SHAFT

FORWARD CLUTCH

FORWARD DRUM

SPACER

AIR SHAFT

FORWARD PINION

EVERSE STEP-UP GEAR

REVERSE

DRUM REVERSE

REVERSE STEP-UP PINION 75.247

\ . Figure 4-14 —Clutch and e verse-reduction gear assembly.

diameter of the clutch decreases. This causes the
friction blocks on the inner tire surface to come
in contact with the clutch drum, lockmg the
drive shaft with the engine.

HYDRAULIC CLUTCHES OR
COUPLINGS.—The fluid clutch (coupling) is
widely used on Navy ships. The use of a

Vhydrauhc coupling eliminates the need for a

ﬁ hanical connection between the engine and
the * reduction gears. Couplings of this type
operate with a small amount of slippage.

Some slippage is necessary for operation of

the hydraulic coupling, since torque is

transmitted because of the principle of relative
motion between the two Yotors. The power loss
resulting frogsthe small amount of slippage is
transformed into heat which is absorbed by the
oil in the system.

Compared with mechanical clutches,
hydraulic clutches have a number of advantages.
There is no mechanical connection between the
driving and driven elements of the hydraulic
coupling. Power is transmitted through the
coupling very efficiently (97 percent) without
transmitting torsional vibrations, or load shocks,
from the engine to the reduction gears. This

¢
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Figure 4-15,—Dog clutches.
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TRAILING
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EDGE
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HUB

- 147.46
Figure 4-16.—Propeller blade.

- = protects the engine, the gears, and the shafting
from sudden shock loads which may occur as'a
result of piston seizure or fouling of the
propeller. The power is transmitted entirely by
the/ circulation of a driving fluid (oil) between
radial passages in a pair of rotors. In addition,
the “assembly of the hydraulic coupfihg will
absorb or allow for slight misalignment.

DOG: CLUTCHES.—Dogtype clutches
perform much the same function as the friction .

RC 8%
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FORWARD

)
DIRECTION

"When blades are in Position shawn
by solid lines, the propelier le
-driving the vessel aheod. When
blades are in position shown by
broken line the propelier is
driving the vesse! ostern.

. 139.66
Figure 4-17.—Schematic diagram of a controllable
pitch propeller.

&

type in that they allow the engine shaft to be
disconnected from the propeller shaft. The dog
clutch ensures a positive drive without slippage
and with a minimum amount of wear. (Forward
drive is generally accomplished by one set of
dogs, shown in figure 4-15, connectgd to the
crankshaft, engaging and turning another set of
dogs, connected to the propeller shaft.)

In several installations, the%og clutch is used
in addition to a friction clutch; the dog clutch is
engaged after the friction (or synchronizing)
clutch brings the two shafts to an equal speed.
The ergagement of the dog clutch eliminates
slippage and holds friction clutch wear to a
minimum.

PROPELLER

The screw-type propeller consists of hub and
blades (usually three or four) all spaced at equal
angles about the axis. When the blades are
integral with the hub, the propeller is known as
a SOLID propeHer. When the blades are

. separately cast and secured to the hub with

© studs. the propeller is refefred as a BUILT-UP

propeller.

Some of the parts of the screw propeller are
identified in figure 4-16. The FACE (or pressure
face) is the afterside of the-blade when the ship
is moving ahead. The BACK (or suction back) is
the surface opposite the face. As the propeller




. Chapter 4—SHIP §ROPULSION -

rotates, the face of the blade increases pressure
on the water to meve jt in 4 positive astern
movement. The overall thrust, or reaction force
ahead, comes from the iﬂ\ckiaSed water velocity
moving astern. 1

~The TIP of the blade is the most distant
from,the hub. The ROOT of the blade is the
area where the blade joins the hub. The
LEADING EDGE is the edge which first cuts the
water when the ship. is going ahead. The
TRAILING EDGE (also called the following
edge) is opposite the leading edge.

A RAKE ANGLE exists when the tip of the
pfopeller blade is not precisely perpendicular to
the axis (hub). The angle is formed by the
distance between where the tip really is (forward

L)

or aft) and where the tip would be if it were in .

- perpendicular posijtion.

A screw propeller may be broadly classified
as FIXED PITCH OR CONTROLLABLE
PITCH. The“pitch of a jifed pitch phopeller
cannot be altered during fpération; the pjtch of
a controllable pitch progfeller can be charged at
any time, subject to bridge or engineroom
control. The controllable pitch propeller can
reverse the direction of a ship without requiring
a change of direction of the -drive shaft. The
blades are mounted so that each one can swivel
or tum on a shaft which is mounted in the hub,
as shown in figure 4-17. Most propellers in naval
ships are of the fixed pitch type, but some
controllable pitch propellers are in service.

A;:»




CHAPTER 5

-, BASICSTEAM cvi:uss Rl
N “In a dition to knowing hoﬁ' steam, is - the water and the_ steam . cxrculat”e throughout
" - generated, you must know what happens to . the entire cycle of Opm'atxbn wlthout eVer»bemg
o steam after it leaves the boiler. One of the best exp ysed to the atmOSpherem IR /

ways to learn about the steam plant on your
own ship is to trace the path of steam and water
throughout its entire cycle of operation. In this

steam.cycle are discussed. In eachi of these cycles
« %

\s
a )

P
- T T T T

) A GENERATION ' q

« - chapter, the main steam cycle and the auxiliary -
' C——condensatlo '_ nd part D——feed

d . 3
.-.—....-—.——._-——.—-—-.—--—.——-——-—q-‘

{_B EXPANSION

-

A dlscussxo' follows of the four bas1c reas -
of operation in a\steam cycle, shown in figure *
5-1: part A—gener: tion; part B—-expansmn part
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Chapter $—BASIC STEAM CYCLES

“M/A/gi STEAM CYCLE

-

GENERATION

To generate steam, it is first necessary to
heat water to its boiling point and then add a
sufficient amount of heat to change (convert)
the boiling water into steam. The heat. required
to change boiling water into steam, at any given

temperature of. the boiling water, is called the.
steam °

latent heat of vaporization. When
condenses back to water (at boiling point), an
equal amount of heat is given offyit'is called the
latent- heat of condensation. The amount of heat
required to convert boiling water to steam, or
the amount of heat given. off when steam is
condensed, back to water at -its boiling
temperature, varies with the pressure under
which the process takes place. Part A of figure
5-1 illustrates‘% the generation area of the cycle.

There are definite pressure-temperature
relationships involved in the generation of

steam. The boiling point of water is 212° F at

sea level, where the atmospheric pressure is 14.7
psi., At higher altitudes, where atmospheric
pressure is reduced, water boils at a.lower
temperature. If the pressure is increased, the
boiling temperature of water will also be
increased. In a boiler operating under a pressure
of 600 psig, water must be Heated to
approximately 489° F to make it boil. In boilers
operating under a ®iressure of 1000 psig, water
must be heated t0 .approximately 544° F to

" make it boil. Therefore, the boiling point of

water is determined by the pressure.

It is important to note that the temperature
of steam is determined by the temperature at
which the water boils, as long as the process is
taking place in a closed vessel or in a closed
system such as a boiler. As long as the pressure
remains constant, steam in contact with the
water from which it is being formed muyst
remain at the same temperature as the .boiling
water. Therefore, in a boiler operating under a
pressure of 600 psig, the temperature of the
steam in the stegm drum must be approximately
489° F-the same temperature as the boiling
water. (The gteam drum of the boiler is a sealed
chamber that holds tfie water and steam.)

‘which has been heated abo

- R . ,
The'-steant” in the steam drum is called
SATURATED STEAM-—this is steam which has

‘not been heated above the temperature of the'

water from which it was generated. Saturated
steam is used aboard ship to operdate most of the
auxiliary equipment and also in- the various.
types of heaters.

It is impossible to raise the temperafure of -
.saturated steam without also increasing the

pressure as long as the steam is in contact with
the water from which it is formed, However, the
sttam can be heated above its saturation
temperature if it is firsf drawn off into” another
vessel, where it is no longer in contact with the
water, and if additional heat is applied. Steam
its saturation
temperature. is known as SUPERHEATED
STEAM. The device which allows this extra heat
to be added to the steam is known as a
SUPERHEATER. Figure 5-2 shows a simple
form of both a boiler and a superheater.

Most naval propulsion ‘éilers are equipped
with supérheaters. Superheated steam has many
advantages over saturated steam for use in
propulsion machinery. Because the steam is dry,
it causes relatively little corrosion or erosion of
piping and machinery. In addition, superheated
steam does not conduct heat as rapidly as
saturated steam; therefore, it does not lose heat
as rapidly. The use of superheated steam for
propulsion purposes greatly increases the overall .
efficiency of the engineering plant; this
increased efficiency results in large savings in -
fuel consumption, and in space and weight -
requirements. ,

Since most auxiliary machinery is designed
to operate on saturated steam, naval boilers are
designed to : produce both saturated and'
superheated steam.

EXPANSION

-

The expansion portion of the main steam
cycle is that part of the.cycle in which steam is
led from the boilers to the main turbines and °
expanded in those turbines to remove tle heat
energy stored in the steam and to transform that

IToxt Provided by ERI
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Figure 5-2.—Elomentary boiler and si:porheutor.
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energy into mechanical energy of rotation. The
main steam system is the piping system which
leads the steam from the boilers to the main
turbines,

The main turbines gencrally consist of the
cruising turbine, high pressure turbine, and the
low pressure turbine: The steam may flow into
the cruising turbine, then to the high pressure
turbine and on into the low pressure turbine; or
the cruising turbine may be bypassed. Some
main turbine installations do not have a cruising

turbine. Part B of figure 5-1 illustrates the’

expansion portion of the main steam cycle; it
contains the cruising turbine, high pressure
turbine, and low pressure turbine.

 CONDENSATION

Since each ship must produce sufficient
quantities of feed water for the boilers and since
a marine engineering plant must be as efficient
as possible, the feed water must be used over
and over again. T

As the steam leaves or exhausts from the low
pressure turbine, it enters the condensate
systtm. The condensate system is that part of
the steam cycle in which the steam condenses to

FIRST 8TAGE
AIR BJECTOR

aux.sTeam § '_ -

EXHAUST
>

.

v

STEAM CYCLES

SECOND OTAGE
l‘n EJEOTOR

R

W 7 v .
' GONDENDATE LOOP/
O . 58RF

INTE|
CONDENSER

T

water and flows from the main condenser (fig.
5-3) toward the boilers while it is being prepared
for use as feed water. .

The several components of the condensate
system, in sequence, from the low pmzure
turbine are: (1) main condenser, (2) rhain
condensate pump, and (3) the main, air gjector,
(Sece fig. 54.) These components are shown in
part C of figure 5-1. :

The main condenser receives the steam from
the low pressure turbine and condenses the
steam into water. The main condensate ‘pump
takes suction from the main condenser and
delivers the condensate into the condensate
piping system and through the main air ejector.
As its name impligs, the air ejector removes the
air that was picked.up in the main condenser,
The condensate, after passing through the air
ejector, enters the vent condenser section of the
deaerating feed tank before entering the tank.

FEED

The deaerating feed tank (fig. 5-5) is
sometimes considered as the dividing line
between condensate and feed water. This tank

AFTER:
CONDENSER

L 4

: EXHAUST
DRAIN CONDENSER

£ conoengare . .
&2 varor
[ steam

47.77X

Figure 5-4.—Flow diagram of a two-stage air ejector,
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Chapter S—BASIC STEAM CYCLES

has three basic functions: (1) to free the
condensate of all trapped oxygen and air, (2) to
heat the water to a degree which will allow the
economizer to introduce all the remaining

‘necessary  heat before discharging it to the -

bailer, and (3) to act as a reservoir in which to
store water to take care of rapid increases in
feed needs and to absorb sudden’increases or
rges of the condensate,
As the condensate enters the deaerating feed
tank,’it is sprayed into the dome of the tank by
nozzles. Here it is discharged in a fine ‘spray
throughout the steam-filled top or preheater.
The break up of the condensate into a fine spray

releases the trapped oxygen and air from the "

condensate. The air-free, oxygen-free condensate
' falls to the bottom of the tank, while the air and
oxygen are exhausted from the tank.

The condensate that is collected in the.
storage section of the deaerating feed tank is
now called feed water and becomes a source of
supply for the main feed booster pump. The
main feed booster pump takes suction from the

" deaerating feed tank and maintains a constant
discharge pressure to the main feed pump.

The main feed pump picks up the water
(delivered from the. booster pump) and
discharges it into the main feed piping system.
Part D of figure 5-1 illustrates the path of the
water from the deaecrating feed tank to the
economizer. The discharge pressure of the‘main.
feed pump is usually about 150 psi greater than
the boiler operating pressure. For example, the
discharge pressure of a main feed pump,
-afscharging to a hoiler operating at 600 psi, wil
normally be 750 psi. The discharge pressure is
maintained throughout the main feed piping
. System; however, the quantity of water
discharged to the economizer is controlled by a
feed stop and check valve or automatic feed
water regulator valve. :

The economizer is positioned on the boiler

"to perform one hasic function: that is, toactasa
preheater. The gases of combustion flow around
the economizer tubes\which absorb some of the
ﬁﬂeat of combustion, a\n%\the economizer in tum
eats the water that is' flowing through the

ERIC .
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= :
economizer tubes. As a result the water i
approximately 100° F hotter as it flows out of
the economizer to the boiler.

AUXILIARY STEAM-CYCLE

The generation sgction of the auxiliary
steam cycle is the same as the main steam cycle.
The main difference is that the auxiliary steam

~does not go through a superheater. Therefore,

the auxillary steam in all cases is a saturated

Steam.

Another difference occurs between the
generation and expansion sections. Note that in
figure 5-6, the line that catries the steam to the
auxiliary equipment (where expansion takes
place) has a number of lines leading to various
pieces of equipment such as main feed pumps,
main feed booster pumps, main condensate
pumps, main lube oil pumps, and steam reducing
valves, just to name a few pieces of equipment,
serviced by the various fap offs. In the main
steam cycle, only the main turbines are serviced

the main steam line. Another major
difference is that after "expansion has taken
place, the exhaust steam does not go directly
into the main 6r auxiliary condenser (fig. 5-7)
but goes into an auxiliary exhaust header and
then to either the main or auxiliary condenser
via an unloading valve (fig. 5-8). Normally, in
port the auxiliary steam plant will be used. The
unloading valve associated with the plant that is
in operation will be used. The unloading valve
maintains about 10-15 pounds of exhaust steam
pressure on the exhaust steam header for plant
efficiency. ‘

The condensation section of the steam cycle
is the same process in both the main and
auxiliary steam cycles. The system where salt
water is used in a heat exchanger (main or
auxiliary condenser) to turn the low pressure or
exhaust steam back to densate for future use
is called a condensing section. The basic
diff?ence is that the main condenser will‘not
alwdys be used as a heat sink in the auxiliary

steam cycle: As stated before, in most cases in -

port you will be using the auxiliary condenser
and ‘the associated auxilfary equipment will be
used to operate the auxiliary steam plant,

9
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The feed system is the same with one major
difference, that is, in port an auxiliary feed
booster pump (electric driven) can be used
instead of the main feed booster pump to take
suction on the deaerating feed tank. This
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auxiliary pump can be used to supply the head
of water to the emergency feed pump (a
reciprocating pump) instead of the main feed
pump \which, in turn, will feed the water back
to the boilers to be converted back to steam.




CHAPTER 6 .

BOILERS

£~

This chapter gives you basic information on *

boilers and operating principles. We shall

discuss boiler construction and the major parts,

and their fupctions. Also, you will find
numerous firefoom safety precautions which
must be observed when boilers are being fired.

s

BOILER ASSEMBLY

A boiler -is that part € steam cycle in
which water is éonverted into steam. The boiler
consists of metal drum
accessories  fof con
temperature  pnd/ other aspecty of boiler
operation. Ydu Avill also find a furnace with
casing and upfake; steam and water drums;
generating, circulation, and water screen tubes; a
superheater; an economizer; and the necessary
piping and accessories to ensure an ample supply
of fuel, water, and air.

&

A cutaway view of a D-type boiler is shown
in figure 6-1. As we continue our discussion on
boiler assembly, imagine that you are assembling
a similar boiler. As you add each part to your
boiler, follow the line drawing that describes the
position of that part. ’

The steam drum (fig. 6-2) is a cylinder,
ocated at the top of the boiler, and it runs
lengthwise . from the front to the back of the
boiler. The steam drum provides a space for the
accumulation of steam generated in the tubes
and for the separation of moisture from the
steam. It also serves as a storage space for boiler
water, which is distributed from the steam drum
to the downcbmer tubes. (During normal

operatidn, the steam dram is kept about half full

eaders and tubes, and

56

of jvater.) In #ddition to these basic functions,.
the/ steam drum either contains or is connected
to many of the important controls and fittings

_required for the operation of the boiler.

At the bptto’m right side of the boiler you
will find the'water drum and on the bottom left
side is another drum, the header, or sidewall
header, shown in figure 6-3. The waterdrum is
larger than the header, but both are smaller than
the steam drum. They equalize the distribution
of water to the geriefatirig tubes and collect the
deposits of loose scale and other solid matter

“which may be present in the boiler water. The

drum and header each has a blowdown valve.
When the valve is opened, some of the water is
forced out of the drum or header and carries the
loose scale, sedimeqt, or dirt with it.

At each end of the steam drum are a number
of large tubes (fig. 6-4) that lead to the water
drum and sidewall header. These tubes are the
downcomers through which water flows
downward from the steam drum to the water
drum and the header. The downcomers range i
diameter from 3 to 8 inches.

A great number of other tubes also link the
steam drum to the water drum and the steam
drum to the header, The several rows of tubes
that lead from the steam drum to the water
drum are the generating tubes (fig. 6-5) which
are arranged in the furnace so the gases and the
heat of combustion can flow around them. The
large arrows in figure 6-5 show the.direction of
flow of the combustion gases.

Q .
- The generating tubes are made of steel that
is strong enough to withstand the high pressures

]
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Figure 6-2.--Steam drum.
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Figure 6-3.—Steam drum, water drum and header.

Ay

and' @@rm(;;within the boiler. In most
boilers these tu are usually 1 to 2 inches in
diameter, but there may be some that are 3
. inches. These small tubes present a large surface
’ area to absorb the heat in the furnace. Note that
a 2-inch tube has twice the surface area of a
l-inch tube, but four times the volume. A 3-inch
tubé has 3 times the surface area of a l-inch
tube, but 9 times the volume. The smaller the
_diameter of the tube, the higher is the ratio of
absorption surface to the volume of water.
Normally there is only one row of generating
tubes leading from the steam drum to the
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sidewall header. These are the sidewall (water
wall) tubes which provide a c%oling effect to
protect the side wall of the furnade.

So far we have assembled the drums, header,
downcomers, and the geherating tubes. Before
- going any further with the assembly, let us trace
the path of the water through the boiler. The
water flows out of the steam drum down
through the downcomers into the water drum
and the sidewall header. As the water is heated it
forms a vapor (steam) that is lighter than the
water in which it is contained. The steam rises

through the generating tubes and retumns to the '

steam drum. The arrows in figure 6-6 show the
circulation path of the boiler water as it leaves
the steam drum and as it retumns to the steam
drum as steam.

The fumace, or firebox (fig. 6-5) is the large,
room-like gpace where air and fuel are mixed for
the COmbu&s%'on of the fuel (fire). The fire heats
the water that is in the drums, tubes, and
headers.

_~ COOLER WATER
. FLOWS DOWN
< 1
/ )
4
MIXTURE OF )
HOT WATER
AND STEAM I
FLOWS UP W\ !
I
|
HOT
GASES :
! ' E
! : |
/ , \

139.17
Figure 6-6.—Natural circulation (accelerated type).

‘.

Figure 6-7. —Refractory lined furnace.

The fumnace is more or less a rectangular
steel casing which is lined on the floor, front
wall, side walls, and rear wall with refractory
(heat resisting) material. Refractory materials
used in naval boilers include firebrick, insulating
brick, plastic firebrick, and air-setting mortar.,

The refractory lining protects the fumnace
steel casing and prevents the loss of heat from
the fumnace. The refractories retain heat for a
relatively long period of time and thus help to
maintain the high furnace temperatures that are
needed for complete combustion of the fuel.
Figure 6-7 shows a refractory lined furnace.

There are many different types of
refractories. Each type is used according to its
physical and chemical properties which
determine the refractory’s location within the
furnace. Some refractory materials can
withstand greater temperatures than others ang i
are positioned nearer to the intense heat of the
fire.

In chapter 5 you discovered that an
economizer is positioned on the boiler (fig. 6-8)
where it acts as a pre-heater. It absorbs heat
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Figure 6-8.—Relative position of economizer.
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Figure 6-9.—U-bend economizer tube with aluminum
gill rings.

from the furnace and transmits this heat to the
incoming feed water. The economizer is made
up of a number of tubes which are illustrated in
figure 6-9. The fins on the tube absorb the heat
ftom the gases of combustion and in tumn
trunsfer the heat to the incoming feed water.
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One more basic component is ‘needed to
complete the water-steam flow path: From your
study of the steam cycle do you remember what
that* component might be? In chapter 5 you
were told that the steam, as it leaves the steam
drum on its way to the main turbines, passes
through a superheater,

The superheater (fig. 6-1Q) is constructed f
a number of U-shaped tubes which are installed
horizontally projecting forward into the furnace.
The superheater tubes are connected to the '
superheater headers which are installed vertically
at the rear of the boiler; one end of the tube
enters one header and the other end of the tubg¢
enters the other header. (Some supe?ﬁeaters are

- of the vertical type with horizontal headers.)

The superheater tubes are positioned in.
the boiler that they are surrounded by the
generating' tubes. They are also plated so the hot
gases of combustion flow ever and aroufld them.
Figure 6-11 shows the relative position of the
superheater tubes installed—in the boiler. You

“ have now assembled the major parts of the

60
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bojler. Look again at the assembled boiler shown
in ﬁgure 6-1. Identify the component parts and
review their functions.

FUEL OIL BURNERS

-

Now that you have assembled 'the major

' components of the basic boiler, you are ready to

inject the fuel and air into the furnace where
combustion takes place. Look at the fuel oil
burners that are mounted on the boiler front
(fig. 6-12). The complete burner assembly
consists of the atomizer, the air registers, and
the valves and fittmgs needed to connect the
atomizer to the fuel line.

ATOMIZER®

The atomizers divide or break up the fuel oil
into very fine particles as illustrated in figure
6-13. There are three major types of atomizers
in use on naval boilers. Straight-through-flow
atomizers; are found in the\el%;tligs. The
return-flow atomizers (fig. 6-13) used on
many of the mewer ships; you may also find

steam-assist atomlzers on some ©f the newer
ShlpS '
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Figure 6-13.—Return-flow atomizer.
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Figu\'a 6-14 shows an atomizer of the
straight-through-flow ‘type. It consists of five
major garts: the tip, sprayer plate:‘v nozzle,
burner b\anel, and the gooseneck. The nozzle,
sprayer plate, and tip assembly fit on the end of
ier barrel which projects into the
furnace. The gooseneck fits on the outer end of
the bumer barrel. Fuel oil enters the atomizer
assembly through the gooseneck and is sprayed
into the furnace.

’

AIR REGISTERS

Air enters the fumace through ‘the air
register where it mixes with the fine oil spray
which entered through the atomizer. Figure 6-15
shows the arrangement of air register parts in- a
burner assembly. The air register consists of
three main parts: (1) air doors, (2) a diffuser,
and (3) air foils. The air doors are used,to open
or close the register as necessary. They are
usually kept either fully opened or fully closed.
When the air doors are open, air rushes ¥n and is
given a whirling motion by the diffuser plate.
The diffuser plate causes the -air to mix evenly
.- with the atomized oil in such a way that the
flame will not blow away from the atomizer.
The air foils guide the major quantity of air so

that it mixes with the larger particles of oil spray

beyond the diffuser.
Oil is forced under pressure through the
burner barrel. It goes through the holes in the

- nozzle (fig. 6-16A) into the tangential grooves of

the rear side of the sprayer plate (fig. 6-16B).

Q

" AND WATER SPACES

62

6

kt? >
[NoZZLE] @
- 1 @ ' '
it
B ' 1 ) N
' 3871
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These grooves are so shaped that the oil is given® |
a high rotational velocity as it discharges into a
small cylindrical whirling chamber in the center
of the sprayer plate. .

The whirling chamber is cone-shaped at the
end and has as opening (orifice) at the small end
of the cone. The oil leaves the chamber through

_ the orifice and is broken up into very fine

particles to form a cone-shaped fog-like spary. A
strong blast of air, which has been given a
whirling motion in its passage through the
register, catches the oil fog and mixes with it.
The mixture of air and oil enters the furnace
where combustion takes place. "

CLASSIFICATION OF BOILERS

Naval boilers may be classifed in a number-
of different ways, according to various design
features. Some knowledge of these~methods of

- classification will help you understand the

»

8

design and construction of modern naval boilers:

LOCATION OF FIRE #

_First of all, boilers are classified according to
the relative location of their fire and water
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spaces. By this method of classification, all
boilers may be divided into two groups:
fire-tube boilers and water-tube boilers. In
FIRE-TUBE BOILERS, the gases of combustion
flow through the tubes and heat the surrounding
water. In WATER-TUBE BOILERS, the water
flows through the tubes and is heated by the
gases of combustion that fill the furnace. ,

All boilers used in propulsion plants of nava
ships are water-tube boilers. Fire-tube boilers,
which were once used extensively in marine
installations, are still used in propulsion plants

70

of some older merchant ships. However, these

boilers are not suitable for use on modem naval- -

ships because of their excessive weight and size,
the excessive length of time required to raise
steam, and th ;_{#,,inability to meet demands for

P

rapid speed chdhiges./
TYPES OF CIRCULATION

-

.,Watér-tpbe boilers are .also classified

. according to the type of circulation. Natural

circulation boilers are those in wpich the

A
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cifculation of water dapénds on the difference in
density between a rising mixture of hot water
and steam,.and a falling body of relatively cool,
steam-free -water: The difference in density
occurs because the water expands as it is heated,
thus becoming less dense. There afe two types of
natural circulation —free and accelerated.

In. FREE CIRCULATION BOILERS, the
tubes which connect the lower and upper drums
or headers are ‘only slightly inclined to allow the

-lighter hot water and steam to rise while the
heavierxand cooler water descends. Installing the
generating tubes at a greater angle of inclination
increases the rate of water circulation.
Therefore, boilers.in which the tubes slope more
steeply between the water drums or headers and
the steam drum are ACCELERATED
CIRCULATION BOILERS. :

Most modem naval boilers are designed for
accelerated natural circulation. In such boilers,
large tubes (3 inches or miore in diameter) are
installed between the steam drum and the water
drums. We discussed  these large tubes, the
downcomers when we assembled the boiler
earlier in this chapter. The.downcomers are
located outside the furmace (fig. 6-1) and away
from the heat of combustion, thereby serving as
pathways for the downward flow of relatively
cool water. The small tubes, the generating
tubes, then carry the_steam and water upward.

\

-

TYPE OF SUPERHEATER

On practically all boilers currently used in
the propulsion plants of naval ships, the
superheater tubes are protected from radiant
heat by water screen tubes. These tubes absorb
the intense radiant heat of the furnace, and the
superheater tubes are heated by convection
currents rather than by direct radiation. Hence,
the superheaters are referred to as
CONVECTION-TYPE SUPERHEATERS.

On some older boilers, the superheater tubes
were not screened by water screen tubes but
wexe exposed directly to the radiant heat of the
furpace. Superheaters of this type are called
RADIANT-TYPE SUPERHEATERS. Although

65
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this type of superheater is uncommon at the

, present time, it may be used again in future

boiler designs.
FURNACE ARRANGEMENT

Al natural circulation boilers now in naval
use may also be classified according to the
furnace arrangement. By this classification,
boilers are either SINGLE-FURNACE BOILERS
or. DOUBLE-FURNACE BOILERS.
Double-furmnace boilers are also referred to as
DIVIDED-FURNACE BOILERS,

‘OTHER NAVAL BOILERS

There are many different kinds of boilers

used in naval ships. Earlier in this chapter you
studied and assembled the 600 psi D-type boiler.
The other boiler used in naval ships is the 1200
psi boiler shown in figure 6-17. Ngtice that this
boiler is very similar to the boiler shown in
figure 6-1. However, the boiler in figure 6-17 has
some special operating and design features which
make it different from the one shown in figure

6-1. A relatively new boiler that is presently .

installed on some new construction of the DE
1040 class ship is the pressure fired boiler shown
in figure 6-18. Since the pressure fired boiler is
used for propulsion only, those ships that have a
préssure fired boiler installed also have an
auxiliary botler,

~

Auxiliary boilers are not generally used on
am-driven  ships - ¢because, all steam for
auxiliary servicé is taken from the
propulsion-plant boilers, Auxiliary boilers are a
wide variety of small boilers that are used in
diesel-driven ships to supply steam or hot watet
for distilling plants, space heating, galley and
laundry services. Auxiliary boilers contain their
own accessories and controls and operate as a
complete self-contained unif. The three basic

types of auxiliary boilers in naval use are 1)

fire-tube boilers (fig. 6-19), (2) water-tube
boilers with natural circulation (fig. 6-20), and
(3) water-tube boilers with forced circulation
(fig. 6-21). . .

Generilly, operating pressures of Auxiliary
boilers range from 50 psi to 125 psi. Most

4
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Figure 6-19.—Fire-tube auxiliary boiler.

operating and maintenance procedures for main
propulsion boilers are also applicable to
auxihary boilers.

.

NEW HIGH-PRESSURE
BOILERS

The modern trend in boiler design is toward
higher pressures and temperatures. High pressure
boilers are smaller, lighter, and more economical
in fuel usage, in any given shaft ’horsepower,

-

=1
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than boilers which operate at lower pressures
and temperatures. Boilers operating at 4500 psi
and above are now. in use in some statiopary
steam power plants. For naval propulsion
boilers, such pressuigs are not practicable at the
present time. However, a number of boilers,
operating at 1200 psi pressure and at 950° F,
have been installed on new naval
Increasing use of these boilers will be made.

A HIGH-PRESSURE BOILER is any boiler
The
HIGH-PRESSURE, D-TYPE BOILER is a*

that operates at 700 psi or above.

\

ships.

-

Y
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? 139.21
Figure 8-2(&—/\\:embly view, water-tube auxiliary boiler (natural circulation).
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139.22
Figure 8-21.—Assambly view, water-tubs guxiliary
boiler (forced circulation).

natural circulation boiler that is the same as the
D-type boiler, except that it has been modified

for higher operating pressures.

FIREROOM SAFETY
k -PRECAUTIONS

Safety precautions are for your protection as
well as for the protection of machinery and
equipment. When working in a steaming
fireroom, you should be fully clothed. The
valves, pipes and exposed metal in firerooms are
always hot and“will burn the flesh and leave a
scar. Not only should you keep your shirt on,
but you should also keep your shirt sleeves
rolled down. Whenever you are assisting in
lighting off or securing boilers, or just generally
working in the fireroom, pay strict attention to
posted safety precautions and to those

ERIC

IToxt Provided by ERI
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precautions that your petty officers will- tell
you. :
A few important safety precautions are
listed here; your petty officers will instruct you
in many more:

1. Do not open or close any valve you are
not told to open or close.

2. Do not play games of any kind in the
fireroom.

3. Do not leave tools lying around the
fireroom; always return them to their proper
stowage. '

Observe the following precautions when
lighting off a boiler:

1. Remove stack cover.

2. Run the water level down until it is
below lighting off level and, then, add water
with the emergency feed pump until it is at
lighting off level.

3. Always purge the f

% before lighting
off the first burner. g »

4. Stand well clédar when inserting and
withdrawing the torch.

Observe the following precautions during
boiler operation:

I. Never leave disconnected atomizers in
place. /

2. Keep the atomizer root valves closed to
secured burners, except during maneuvering.

3. Test the drain from the oil heater once
each hour.

4. Blow through the gage glasses once each
watch.

5. Poke through the bumer drain holes
once each watch.

6. Wipe up spilled oil at once.

n
O
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Observe the following safety precautions 2. Remove atomizers from registers as soon
when securing a boiler: aspossible after securing,

. 3. Close all openings to the furnace as soon

1, In shutting down a fireroom, do not as all atomizers have been extinguisheg. :

close the master oil valve until the fuel oil pump 4. Pump the water level to three-fourths
is secured, glass on cutting out a boiler,

-2
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CHAPTER 7

~

T STEAM TURBINES AND REDUCTION GEARS

We have discussed the basic steam cycle and CLASSIFICATION OF TURBINES
various turbine propulsion units. In this chapten

we shall discuss the components insde the casing Turbines may be classified in four ways:

of the turbines and reduction gears so that you I. By the manner in which the steam causes
will have a basic understanding of how the the turbine rotor to rotate, S
stored energy (heat) in steam is transformed into 2. By the type of staging and compounding
the mechanical energy (work) of rotation. of steam pressure and velocity,
' Ve 3. By the division of the steam flow. .

4. By the direction of the steam flow,
TURBINES

The development of steam power was built
around the reciprocating engine; however, the
earliest steam engine operated on the TURBINE
prniciple. Almost 2,000 years agoe Hero, a Greek
mathematician built a small steam turbine and
demonstrated that steam power could be used to
operate other machinery (fig. 7-1). Hero’s
turbine consisted of a hollow sphere which
carried four bent nozzles. The sphere rotated
freely on two tubes that carried steam from the
boiler. Steam generated m‘ the boiler passed
upward through the tubes and into the sphere
and out through the nozzles. As the steam left
the nozzles, the sphere rotated rapidly.

Down through the ages the turbine principle
has been applied to many different types of
machines. The water wheel that was used to
operate the flour mills in colonial times, the
common windmill used to pump water, and the
two-bladed windmill used to charge batteries are
.all examples of the turbine principle. In these
: > examples the power is derived from the effect of

the wind or a stream of water on a set of blades

attached to a wheel. In the steam turbine,
steam under pressure serves the same purpose as
ind or the flowing water in the other types.
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Under each of these classifications, there are
several types of ‘turbines, some of which are
described briefly in the following paragraphs. -

e

eﬁlpulse Turbines , ’

The energy to rotate an impylse turbine is
derived from the kinetic energy of a steam jet or
some other rapidly moving fluid. The term
“impulse” means that the force which tumns the
turbine comes from the impact of the rapidly
moving fluid. The toy pinwheel (figl 7-2) can be
used to study some of the basic principles of
turbines. When you blow on the rim of the
wheel, it spins rapidly. The harder you blow, the
faster it turns. The steam turbine operates on
the same principle, except that instead of the air
you were blowing, it uses the high pressure
steamn from the ship’s boiler.

The impulse turbine consists essentially of a
rotor or spindle mounted on a shaft that is free
to rotate in a set of bearings. The outer rim of
the spindle carries a set of curved blades, and the
whole assembly is enclosed in an airtight case.
Several nozzles direct the steam against the
bladesngmd turn the spindle (fig. 7-3).

STEAM NOZZLES (hereafter reférred to as
nozzles or stationary blades) are connected to
the line that carries high pressure steam from the
boiler. As the steam passes through h each nozzle,

v + -

- 139.24
Figure 7-2.The toy pinwheel operates on the impulse
turbine principle.- -

\\K% . .
79 :

NOZZLE NO.2 NOZZLE NO.|

33.46
Figure 7-3.—A simple impulse turbine.

its pressure is reduced, but its velocity is greatly
increased. The potential energy of the steam
under pressure is converted to kinetic energy in
the highspeed jets emerging from the nozzles.
These jets are directed against the turbine blades
and turn the spindle. \In other words, the
velocity of the steam is reduced in passing over
the blades, and some of its kinetic energy is
transferred to the blades as a force to turn the
spindle. The modern impulse turbine operates
on the same general principle as the model just
described, but it has many refinements. 4

COMPOUND TURBINES have several rows
of revolving blades with stationary nozzles or
blades mounted between each row. As the steam
passes through the first stage, it moves faster in
the nozzles and slows down while going through
the moving blades. The second set of nozzles
speeds the steam up again, making additional
kinetic energy available for the second row of
moving blades. This sequence continues through

/ all of the successive stages until tife pressure is

-
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139.25
Figure 7-4.—A velocity compounded impulse turbine
with a reduction gear.

{

reduced -to the point that it would not be
“Neasible to take any more energy from it.

The velocity compound impulse turbine
show#~in figure 7-4 has two rows of moving
blades. Steam enters through the inlet, flows
through the governor valve, and passes through
the stationary nozzles. The steam undergoes a
large pressure drop and a large velocity increase
out of the nozzles. The steam then enters the
first row of moving (rotor) blades, attached to
the rotor where there is a decrease in velocity. It
then flows through the stitionary blades or
guide blades. There is neither a pressure drop
nor a velocity increase while the steam goes
through the stationary blades. The stationary
blades, attached to the turbine casing, merely
provide a place for the steam to reverse its flow
before it enters the next row of moving blades.
The steam then enters the second row of moving
blades where there is also a decrease in velocity.
The wglocity is so reduced that by the time t/l{e
steam reaches the exhaust, maogt of the energy
has been used to turn the spindle.

The shaft of the spindle revolves in bearings
supported by the turbine casing. Carbon packing
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Figure 7-5.—Impulse turbine. .
f

rings keep the steam from escaping through t#xe
shaft bearing. We shall discuss the reduction gear
shown on the turbine in figure 74 later in the
chapter. It consists of a pinion gear (attached to
ti:c spindle shaft) and a much larger bull gear:
Because of its larger diameter, the bull gear
rotates much more slowly than the high-speed
turbine.

Impulse turbines are used in the Navy to
drive the forced draft blowers and most of the
feed water and fuel pumps. They have few
moving_parts, are lightweight, do not take up
muci#space, and run with very little vibration,

Tn an impulse turbine, a STAGE is defined as
one set of nozzles and the succeedihg row or
rows of moving and fixed blades. Another way
to define a stage is that is includes the nozzles
and blading in which only one pressure drop
takes place. (In an impulse turbine, remember,
the only pressure drop takes pl in the
nozzles., Therefore, the number of sets of
nozzles in an impulse turbine indicates the
number of stages.)

.

74
60
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Figure 7-6.—Velocity-compounded impulss tqrbine.

Figure 7-5 shows a SIMPLE IMPULSE
TURBINE. This turbine has one stage, consisting
of one set of nozzles and 6ne row of moving
blades mounted on the rotor. Simple impulse
turbines do not completely utilize the velocity
of the steam, and are therefore not very
efficient.

One way to intrease the efficiency of a
single-stage impulse turbine is to add another
row {0r even two more rows) of moving blades
+0 the rotor wheel. Figure 7-6 shows a turbine
which has two rows of moving blades. This type
turbine is a VELOCITY-COMPOUNDED
IMPULSE TURBINE because the lowered
velocity of the steam leaving the first row of
moving blades is used in the second row of
moving blades; and, if a third row ig added, the
additionally lowered velocity "of the steam is
used again in the third row. The fixed blades,
which are fastened to the casing rather than t
the rotor, serve only to direct the steam from
one row of moving blades to another.

Another way to increase the efficiency of an
impulse turbine is to arrange two or more simple

. 8%

‘'set of nozzles.

impulse stages in one casing. The casing .is
internally -divided by diaphragms which contain
nozzles so that the residual steam pressuré of
one stage is utilized in the following stage. This
type of turbine is known as” a
PRESSURE-COMPOUNDED IMPULSE
TURBINE because a pressure drop occurs in
each stage, as the steam expands through each
Figure 7-7 shows a
pressure-<compounded impulse turbine with four
stages. .

Reaction Turbines

The ancient turbine built by Hero operated
on the reaction principle. Hero’s turbine was
invented long before Newton’s time, but it was a
working model of Newton’s third law of motion
which states: FOR EVERYy ACTION THERE
MUST BE AN EQUAL AND OPPOSITE
REACTION. On first thought, you may find it
difficult to accept this statement on its face
value. However, let us look at some more:
understandable samples of Newton’s theory. '

If you set an electric fan on‘a roller skate, it
will take off across the table (fig. 7-8). The fan -
pushes the sir forward and sets Gp a breeze
(velocity); the air is also pushing backward on
the fan with an equal force, but i an opposite
direction. You enjoy the breeze that is blowing

38.80X
Figure 7-7.—Pressure-compounded impulse turbine.
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. move the car.unless you .
feet to exert the backward force. With a little

FIREMAN N

: ~139.26
Figure 7-8.—The reaction of the air on the bladbs
rolls the electric fan across the table.

v ¢

. 139.27
Figure 7-9.—-A toy balloon demonstrates the
7 “kickback” or reaction principle.

-

from the front of the fan, but the breeze
produces an opposite force on the back s1de of
the blades to move the fan backward

When you try to push a car, you may not

- know it but, you are pushing back with your

feet as hard d4s you are pushing forward with
your hands. Try it sqmetime when you are
standing on an icy road. You will not be able to
n dig in with your

thought .on your part you should be able to
come up with enough examples to prove to
yourself that Newton’s third law of motion
holds true under all circumstances.

The reaction turbine uses the reaction of a

steam jet to drive the spindle. You have learned

‘ : W
that in an impulse turbine the nozzles increasey
‘the velocity of the steam and transform the

potential energy of the steam under pressure
into kinetic energy in the steam jet. A forward
force must be applied to the steam to increase
its velocity as it passes through the nozzle. From
Newton’s third law.,of motion you have seen
that the steam’ jet eXerts a force on the nozzle
and an equal reactive force on the turbine blades
in the opposite direction; this is the force that
drives the turbine. :

" In the reaction turbine, stationary blades
attached to the turbine casing act as nozzles and-
direct the steam to the moving blades. The
mong blades are mounted on the rotor. Most
réaction turbines have several stages with
dlternate rows of stationary and moving nozzle
blades.

M \ .
The “kickback” or reaction force generated
by the nozzle blades can be demonstrated by a

toy balloon. Blow up the balloon and toss it into

* the air. The air will rush out through the

opening and the balloon will shoot off in the
opposite direction (fig. 7-9).

B B’When you fill the balloon with air, you have

pofential etergy in the increased air pressure
inside. When you let the air escape it is speeded
up (velocity) as it passes out throagh the small.
opening; this represents a transformatnon from
potential to Kinetic energy. The force applied to -
the air to speed it up is accompanied by a
reaction in the opposite direction. This reactive
force propels the balloon forward through the
air, - VI

You probably think that the force that

"makes the balloon move forward comes from,

tire jet of air blowing against the air in the room,

but this is not so. It is the reaction of the ,force_
it tal;es to increase the velocxty (speed) of the air
as it passes out through  the-opening. The
balloon WOuld ‘travel even faster if it were in a

vacuum. Try it the next time you are near a

balloon.

_The reaction turbine (fig. 7-10) has {all the
advantages of the impulse type turbine, plus a

slggver operating %speed and greater efficiency.

e 16
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The several stages through ‘which the steam
passes gradually reduce the steam pressure until
practically off of the energy has been converted
to power. When a reaction turbine is operated in
conjunction with a condenser,  .the e¢xhaust
pressure of the turbine is only a smBll fraction of
the normal atmospheric pressure. The steam
gradually expands as it passes through the
successive stages. Therefore,
blades is increased in each succeeding stage to
take care of the additional volume of steam
caused by this expansion. (

Brjefly, let us compare- the impulse turbine
and the reaction turbine. In the impulse turbine
you learned that
ONLY in the nozzles. .

In the reaction turbine, the stcam pressure,

drops ‘successively in cach row of blades,
whether fixed or moving. The combination of a
row of fixed blades and a row of moving bladces
in these -turbines is sometimes referred to as a
DOUBLE STAGE (also known as a smg :
REACTION STAGEL).

All reaction turbines arc pressure
Tompounded. The PRESSURE-COMPOUNDED
REACTION TURBINE has alternate rows;” or
_stages, of fixed and moving blades. which

LOVI PRESSURE™ ELEMENT

139.28X

Figure 7-10.—A low pressure #eaction'}urbine with
* the upper half of the case removed. o

the length of the

the “steam pressure drops’

v

compound the total pressure drop into as many
steps as there are rows of fixed and moving
{ blades. This pressure staging lowers the steam
velocity in each stage.

CONSTRUCTION OF TURBINES

Other than the contrcls, similar turbine parts
are found in both the impulse.and the reaction

“turbines, suchs as foundations, casings, nozzles

(or stationary blades), rotors, movablc blades,
bearings, shaft glands, and gland seals. '

-
o

Foundations

Turbine foundations are built up from a
structural foundation in the hull to provide a
rigid supporting base. All turbines are subjected
to varying degrees of temperature—from that
exifs%lg during a secured condition to that
existing during full-power operation. Therefore,

me means “must be provided to allow for
cxpansion and contraction.

Normally, the after end of the turbine is
firmly securcd by- bolts to the structural
foundation. The bolts have shanks which are
ﬁtted to the exact size of the holes in which
they ‘arc placed. The tight fit thus prevents
motion of any kind.

At the forward end of the turbine, there are
two ways to give freedom of movement. Either
elongated bolthdles or grooved sliding seats are
used so the forward end of the turbine can move
fore and aft, as either expansion or c/o;traction,

a»respectively,}fakes placg.

Casings

Turbme casmgs are genefally constructed of
-cast carbon steel. However, for tu bines that use
superheated “steam with temperathres of more
than 650 he casings -are generally cast or
‘fabricated from carbon molybdenum steel or
chromium ,molybdenum steel. Each casmg has a
steafn chest to teceive * the mcor([mrg high
pressure steam which if.delivers to the’ ﬁrst set
~of mozzles o blades. . o




‘ , FIREMAN

. Nozzles

The primary t‘un%n of the nozzles is to
convert the thermal efiergy of steam into kinetic
energy. The secondary fungtion of the nozzles is
to direct the steam against the blades. In most

modemn turbines the nozzles are made up into
blocks with cach group being .

groups or
controlled by a separate nozzle control valve.
The amount of steam delivered to each stage
thus becomes the function of eath of the
nozzles and nozzle control valves in each group
or block. A diagrammatic arrangement of a
nozzle group is shown in figure 7-11 . .

Rotors -
-

Rotors (forged wheels and shaft) are rade
of carbon steel when used with steam of
relatively low temperatures. Howeluajwhen the
temperature of the steam will be greater- than
650° F, the rotors are made of carbon
molybdenum of some other cretp-resistant
alioy. In all types of turbines, the . primary
purpose of the rotor is to carry’ the moving
‘blades which receive the energy from the steam
to turn the turbine shaft. A rotor without the
blades is shown in figure 7-12.

THROTTLE
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. Figure 7-11.—Diagram of a nozzle group.
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methods of

Movable Blades .

The blades are secured to the turbine casings
and rotors by various methods. Some f tHe
securing turbine blading are
illustrated in figure 7-13, parts A through D. The
straight circumferential dovetail (part A) is
primarily’ used to secure rotor blades. The
inverted circumferential dovetail (part B) is used
to sccure blading in most impulse turbines. The
side-locking key piece methdd (part C), which is
used only on casing blades, consists of driving a
locking key piece between the blade root and a
groove in the casing. The sawtooth serration
method (part D) is used for both rotor and
casing blades.

Bearings -

, The rotor of every turbine must be
supported in bearings, which serve a doublg
purpose. The bearings (1) carry the weight of
the rotor and (2) maintain the correct radial
clearance between rotor and casing. All main
turbines, and most auxiliary units, have a
bearing at each end of the rotor.

Bearings are generally classified as sliding
surface (sleeve and thrust) or as rolling contact
(antifriction). ¢

All propulsion and most auxiliary turbine
installations are equipped’ with sleeve bearings,
which arg of two types: cylindrical and

-

R 47.15X
Figure 7-12.—Turbine motor (\ig:ut Sdes.
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' Figure 7-13.—Methods of securing blading.
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Figuro 7-14. A typical propulsion turbine journc!
bearing,

.

sphericalseated. A typical cylindrical journal
bearing is shown in figufe 7-14. ~ .
THRUST BEARINGS take care of any axial

. thrust, which may exist in a turbine rotor, and

also hold the turbine rotor within ceftain’

definite axial clearances. Thrust bearings are .

installed on all main turbines on one end of the

139.29%
Figuro 7-16.—Assamblod thrust bearing element.

LY

80
.86

turbine, usually just forward of the forward
turbine bearing. A thrust bearing is also installed
on the propeller shaft either at the forward end
of the main reduction bull gear or in the
propelier line shafting abaft (behind) the gear, to
take the thrust of the propeller. Except that the
propeller” thrust bearing is’ much larger, the
design of turbine thrust bearings and propeller
thrust bearings g, much the same. Some thrust
bearings are lubricated by the same lubricating
oil system which supplies oil to-the turbine

~bearings and reductiongears. Some ships have
separate thrust bearings aft of the reduction
gear; this arrangement has its own lube oil
system. An asscml:gled thrust bearing element is:
shown in figure 7-15.

Roli_ing contact (antifriction) bearings
include ball and -roller bearings which are used
ofr some small auxiliary units.

Shaft Glands

Shaft glands are used to prevent leaking of
steam from the turbine casing at the points -
where the shaft extends through the casing. The
shaft glands on auxiliary turbines have a gland
housing which may be either a part of the
turbine casing or a separate housing bolted to
the casing. Two types of packing are

. /_/
. PACKING
NS 5T
OR FIN

3240185V 10 Tast\J 10tk T o8 paio

-~

Figure 7-16.—Turkine motor shaft glands:
A. Labyrinth patking gland; B. Carbon pecling gland. .
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used—-labyrinth packing and carbon packing,
which may be used either separately or in
combination. .
/7
Labyrinth packing, shown in ﬁgure 7-16A,
consists of rows of metallic sttips or fins. The
strips are so fastened to the gland limer that
there is a very small space between the strips and
the shaft. As the steam from the turbine casing
‘leaks through the small space between the
packing strips and the shaft, steam pressure is
gradually reduced.

Carbon packmg rings, shown in figure 7-16B,
restrict the passage of steam along the shaft in

much the same manner as do the labyrinth *

packing strips. Carbon packing gngs are
mounted around the shaft and held in place by
springs. Three or four carbon rings are generally

used in each gland. Each ring is fitted into a_
separate compartment of the gland housing, and,

each ring consists of two, three, or four
segments which are butt-jointed to each other.
These segments are held together by a garter
spring. Keepers (lugs or stop pins) are used to
prevent rotation of the carbon rings when the

shaft WS. The outer carbon ring
compart Lis connected to a drain line.
Carbon packing is suitable only for relatively
low pressures and témperatures. Therefore,
when both types of packing are used in one
gland, the! labyrinth packing is used at the initial

high-pressure area and the carbon packing ‘is
used at the low pressure area.

Glm;_d Seahng System Lo~

Steam is passed into the glands to seal the
glands of the turbines and to prevent ajr from
being drawn into the condenser. The
re turbine, which operates at all times
um in its casing, must have steam
11 times to the glands from some

extern rce. This steam is led from the
auxiliary ¢xhaust line to pass through a cutout
valve, n through a weight-loaded pressure

regulating valve to the -turbine glands. The
weight-loaded pressure regulating valve operates
at all times to maintain a pressure of 1/2 to 2 psi

GLAND SEALING STEAM

.articulated gearing and the nested gearing.

47.18X

Figura 7-17.—A turbino steam rcading glond.

\
(15 to 17 pounds absolute) to the turbine

sealing glands (fig. 7-17). In high-pressure and .
cruising turbines at higher speeds, the pressure .

on the turbine end of the forward glands will be
so great that steam will bleed out through these
glands, automatically sealing them. Since these
glands may at times seal themselves, it is
necessary to have a separate system for the
cruising and the high-pressure turbifies.

REDUCTION GEARS

In Chapter 4 we discussed the main
propulsion locked-train type, double-reduction
garing used in the DD-692 class destroyer. No
let us consider the main propulsion,
double-reduction gearing.

MAIN PROPULSION,
DOUBLE-REDUCTION¢* GEARING

There are two other types of main
propulsion, double-reduction gearing in use—the

Articulated Gearing

The ARTICULATED GEARING, Shown in
figure 7-18,. has more bearings and occupies
more longitudinal space in a ship than the nested
or locked-train type reduction gearing, shown in
figure 7-19.- This type is seldom used in the
Navy;it is ndt ltd on combatant ships.

Nested G;aa(ing

The nested gearing §fig. 7-19) is the simplest
-of all double-redqction gears. It uses a’minimum

~an
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reduction gearing used for main “propulsion.

. @igurey 7-20 1tugtrates common forms of gears

A 47.29 used in shipboard machinery. Probably one of

, Figure 7-19.—Nested type of double reduction gsaring. the simplest types of reduction gearing is the
worm gear shown in figure 7-20.

® ¥ - Worm Gear
number of bearings and flexible couplings. The .
nested gearing type is used on most auxiliary Wegm gears are used to transmit motion
ships; it s NOT used on combatant ships. between shafts which are at right angles to cach
The gearimg used in shipboard pumps and other. The worm gear consists of a cylinder with
auxiliary n-?achincry is not as complicated as the one or more threads (sing, double, triple) cut on’
o ‘ @ ' ' 82
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the outside like a screw. The worm wheel is a
gear with teeth cut on the outside rim to mesh
with the threads on the worm.

7
The worm gearing speeds reduction. A
complete turn of the worm tums the wheel

ahead the distance of one tooth on the wheel. A .

double thread worm will revolve the gour twice
as fast as a single thread worm,

REDUCTION '
GEAR CONSTRUCTION

The gears in a main reduction gear unit, such
as the main gears and the pinion gears, must be
capable of transmitting tremendous power loads.
The pinion gear is the smaller of two meshing
gears and is usedymainly for decreasing speed
and increasing power, Since even a very slight
unevenness of tooth contour and spacing will
cause the gears to operate noisily; or even fail,
special precautions are tagken to manufacture the
gears to exact dimensions. The geard are cut ip a
room maintained at constant temperature and

humidity to eliminate expanSIon contractlon‘

and oxidation of the metal.

Almost all pinion gears in mgin reduction
gearing are machined completely of specially

heat-treated, nickel-steel forgings. Generally, the -

gear wheels are of built-up construction with the

. teeth cut in forged steel bands which are welded

to stee” webs. The first reduction gears are

generalliwwelded on their respective shafts. The

bull gear is usually pressed on the shaftagainst a

locating shaft shoulder-and is secured by onc or
ore keys and a locking nut~mechanism (fig.
-21).

Gear casings can be divided into threc major
parts:

1) The lower part (base section) supports
the bull '(gear, main thrust bearing, and the
high-speed parts” of the reduction gear. The
loweresection also serves as the sump or. storage
. tank for the lubricating oil in the system,

2) The intermediate section of the casing
supports the bearing housing for the
intermediate speed pinions and geam as well as
the- high speed pinions. ‘

—_————

,\)

3) The uppeWpart of the gear casing is the
main cover which is divided into two sections
with inspection ports so located that the teeth
of any pinion or gear can be examined without
removing the main cover sections. The
inspection ports are covered with easily opened
hinged covers.

Reduction gearing for pumps and other
auxiliary machinery is constructed . slightly
differently than the main reéduction geanngjust
discussed. In the ship’s service generator, the
pinion is forged together with the shaft as one
whole part. One end "of the pinion shaft is
flanged and bolfed rigidly to the turbine shaft.

4

The gear wheel is pressed and keyed onto the >

shaft. .

In main circulating pumps the 4
solid forging, while the gear i% conStg
welding a forged hub and a forged rim Ffogether.
The gear hub is bolted to a plate which is keyed
to the gear shaf) -3

The reduCtion gear of a turbine-driven
condensate pump, shown in figure 7-22, which is
a worm shaft and a worm wheel, reduces the
turbine sp of approximately 5500 rpm to
pump speygﬂof approximately 1100 rpm. The
worm is cut in a solid, low-carbon, nickel-steel
forging. The worm wheel is a solid mckel bronze
casting whitir is pressed onto a forged steel

rigid support for the rotating e
honzontally for casy assembl

ents. It is split
or disfssembly.

shaft. The gear casing is of cggsteel to form
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Figuro 7-22.—\Main condensate pump reduction-bt;aring.

LUBRICATION

All moving surf;f;&must receive a steady
and adequate supply of oil of proper quality at

the correct temperature. Impurities and foreign
matter must be removed from the lubrication
system and a reserve supply of good clean 011
must be maintained.

To understand the principles of lubrication,
you should know the purposes of a lubricant.
Lubricants reduce friction® between moving
parfs. Friction is the resistance to ‘motion
between the two bodies in contact. When this
frictional resistance is overcome, and motion
takes place, heat is generated. There are three
.kinds of fnctlon

ke -
"

1. SLIDING FRICTldN between two
solid objects whose outer surfaces sllde over
each other .

FIREMM N

- with thinner films

2. ROLLING FRICTION—between two
solid objects, one (or both) of whlch is rolling
on the other.

3. FLUID " FRICTION —between the,
molecules or particles of a fluid, or between two

" films of fluid.

Since liquid lubricants can be -readily
circulated, they are used universally for internal
lubrication. Lubgicating oils are mineral oils
obtained Trom; petroleum. In theoty, fluid
lubrication is based on the agfual separation of
the surfaces so'that no metal-to-metal contact
occurs. As long as an oil film remains unbroken,
sliding or rolling friction is replaced by the fluid
friction (internal friction) of the lubricant itself,
Under such ideal conditions, friction and wear
are held to a minimum.

&
Purpose of Lubrication
- ,

The primary purpose of lubricating oil and
grease is to SUBSTITUTE FLUID FRICTION
FOR EITHER SLIDING OR ROLLING
FRICTION. This means that a lubricant of
sufficient quantity and consistency must be
provided to keep the moving metal parts (of
bearing, lining, and journal, for example) from
contacting each other. The remaining fluid
friction, within the~<lubricant itself, is far less
than that which would otherwise occur between
the solid objects, but it also generates heat
which must be removed:

The secondary (but "highly important)
purpose of a lubricant is that of ABSORBING
AND REMOVING THE HEAT which is
generated by the fluid frigtjon as well as the heat
which, in steam turbine conducted along the
shafting from the steam-hfated rotors. Removal
of this heat by the lube oil prevents serious
damage to the machinery parts and makes it
necessary to have the oil repeatedly cooled as it
circulates about the mechanisms . :

In general, BOTH FRICTION AND -
OPERATING TEMPERATURES in bearings
increase with a ater unit bearing pressure;
f the lubricant, if below a
definite minimum; with a high velocity of

ri

- rubbing or rotation” of the journal; and with 3 ,

) Co ' 84 i . Wi
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' DEARING some rotary water pumps are lubricated with a
‘ JbURNAL ’ small amount of water that leads through the

OtL FiLM

47.78
Figure 7-23.—The oil film coparates the rotating.
shaft from the bearing.

higher viscosity of the lubricant. (Viscasity
refers to the flowing qualities of a liquid. Water
and gasoline or liquids which flow freely, have
a low viscosity. Cold molasses and honey do not
flow freely; therefore, they have a high
viscosity.)

Bearing Lubrication

Most of sthe ‘moving parts of a machine are
supported in bearings that permit them to rotate
freely. Lubrication consists of supplyu‘)g these
bearings with oil. The oil forms a film on the
surfaces of the shaft and the bearing, and keeps
them separated (fig. 7-23). An oil mgust be
selected that has enough body tao keep the metal
surfaces from touching each pther during ALL
operating conditions.

Bearings that carry
sometimes lubricated sith gr
are equipped with standard -
fittings like those on an aut
must be kept filled at all ti

4

a, theavy
e. These bearings
eage cups or zerk

obile. The cups
es. The shafts of

j[l{c S B
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load - are .
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bearings and moisten the packing.
L4

Lubricating Systems

Each turbine is provided with a lubricating

system that supplies oil under pressure to t
bearings The system consists a sump or
reservoir for storing the oil, /An oil pump, a

strainer, a cooler, temperature and pressure
gages, and the necessary piping to carry the oil
to the bearings and back to the sump. The
location and arrangement of these parts vary
with each make and type of turbine.

The lube oil pump is generally a gear-type
pump. A definite pressure is maintained in the
oil feed lines. A pressure relief valve allows
excess oil to recirculate back tg the suction side
of the pump.

Quite often dual strainers are connected in
the line so that the system can gperate on one
strainer while the other one is being cleaned.
The tube-in-shell type of cooler is generally used
with sea water circulating through the tubes and
the oil flowing around them. The temperature of
the oil is controlled by adjusting the valve that
regulates the amount of sea water flowing
through the tubes.

Oil must cxrcu(ate through the turbine
bearmlﬁgs qat the prescribed pressure and within
certaih Yemperature limits. A pressure gage
installed in the feed line and a thermometer
installed in the return line indicate whether the
oil system is functioning properly.
Thermometers are often installed in the bearings
to serve as a warning against overheating. [f
there is a decided drop in oil pressure, the
.engine should bé shut down immediately; even
a moderate rise in the oil temperature should be
investigated. An oil-level float_gage indicates the

amount of oil in the sump.

Many different kinds of lubricating materials
are in use, each of them filling the requirements
of a particular set of condons. Animal and

~»

~.

Lubricating Oil
and’ Greases

85\
&
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vegetable oils and even water have good
lubricating qualities, but they cannot withstand
high temperatures. Mineral oils, ii'milar to the
ils used in an automobile engin@, are the best
type of lubricant for modern machinery
operating at high speeds and high temperatures.
Some heavy-duty bearings are lubricated with
grease in about the same way that the spring
shackles and steering gear of your car are
greased. N

Mineral lubricating oils are derived from
crude oil in the same process which produces
gasoline, kerosene, and fuel oil. They vary
according to the type of crude oil and the
refining methods used. The same type of oil is
usually made in several grades or weights. These
grades correspond to the different weights of oil
for an automgbile varying from light to heavy.

Oils used in the Navy are divided into 9
classes, or series, depending on their use. Each
type of oil has a symbol number that indicates
its class and viscosity. For example, symbol
2190 oil is a number 2 class of oil with a
viscosity of 190 Saybolt Seconds Universal. The
viscosity number represents the time in seconds

that is required for 60 cubic centimeters &c) of

the oil, at a temperature of 130° F, to flow
through a standard size opening in -a Saybolt
viscosimeter (fig. 7-24).

A 2190TEP oil is used for all propusion
turbines and reduction gears. The letters TEP
indicate that the oil has been treated to give it
water-protecting and corrosion-resisting
properties, and extra load carrying capacity.
This oil is also used in the turbines that drive the
various kinds of pumps and blowers, except
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The common SODA SOAP GREASES
used for applications where no water is presefit
and where operating temperatures approach 200°

those pumps that are driven through a worm 4 ;‘)SZ?S :cr)nisT:rr; I;IrMEmSu(l)sﬁ't ESRIE;:SE? (;(S’ rtlh:
gear which use a Navy symbol 3080 oil. soda soap greases, but have lower melting points.
Lubricating greases are mixtures of soap and They are used as general purpose greases for
Iubricating oil. Fillers, such as graphite, are also light load applications at ordjnary operating,
added to some greases to make the* grease more ~ temperatures. These two types of greases will
effective for certain lubrication requirements. satisfactorily lubricate thé® majority of
- ' _ . ¢ machinery. , 3
The soaps used on the common SOAP AND +  Certain lubricating greases contain \dditives.
OIL GREASES are chemical compounds formed These SPECIAL ADDITIVE GREASES are
by fats or fatty acids reacting with various identified by the additi¥@. For example, LEAD
alkaline materials such as lime, soda, aluminum, OLEATE SOAP GREASES are used for certain =
zinc barium, lithium, lead, and potassium. bearing surfaces which are so heavily loaded that
7 86 T
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Chapter 7-STEAM TURBINES AND REDUCTION GEARS

ordinary greass will not maintain a film to
prevent  contact  of the rubbing surfaces.
EXTREME PRESSURE GREASES also
incorporate special additive agents to provide
necessary film strength,

OXIDATION INHIBITOR GREASES have
an additive incorporated to ensure better
stability at high temperatures and to prevent
rusting under these conditions. In GRAPHITE
GREASES, the added graphite acts as a mild
abrasive to help smooth roughened surfaces, and
acts as a fiiler to smooth over unequal surface
spots. It alsb substitutes its own low friction for
that of the mctal it covers; this is especially
important where a  bearirlg is exposed ‘to
temperatures so high that ordinary grease or oil
would break’ ¢down. Except for such high
temperatures, ‘graphite grease should not be used
in bearings which are in first-class condition.

"Each of thses several types of greases is
supplicd in threc grades: soft, medium, and
hard. SOFT GRADES are used at high speed
under ight pressure: the MEDIUM GRADES are
used at medium speeds under medium pressure;

A |

“and the HARD GRADES are used at slow speeds

under heavy pressure.

Standard Navy Lubrication®

Always be sure that you are using the

- specified lubricant for the individual machinery,

part, unit, or system you are
for operating or maintaining.

Most ships make up LUBRICATING
CHARTS for quick reference on this
information. These charts generally tontain a
line diagram of the unit or system, point of

responsible

a

-~ lubrication, symbol of lubricant, quantity, gnd ,

interval of supply-along with applicable general
instructions, operating hints, and possible
casualties. The charts are generally posted in
michinery compartments.

The manufacturer’s technical manual for
each unit of machinery is the basic reference for
the correct lube oil, if no lubrication chart
(based on manufacturer’s instructions) is
available. In addition, the TABLE OF
RECOMMENDED OILS can be found in chapter
9450 of NavShips Technical Manual.
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]KAUX!LIARM: MACHINERY 5ND EQUIPMENT

In addition to the propulSion machinery and
equipment, you will becomc acquainted with
other types of machinery, such as refrigeration
equipment, air conditioning equipment and
distilling plants. You will also~ become
acquainted with the steering gear, the anchor
windlass and capstan, lube oil purifier{, }qundry
equipment, galley equipment, air compressors,

es, elevators, and Svinches. The information
provided in this chapter will be general in
nature; primarily, we shall discuss the location
and the function of the auxiliary machinery and
equipment mentioned above.

*  REFRIGERATION IEQUIUPME]?I‘I‘

There are two basic types of mechanical
" refrigeration systems used in the Navy, the

+

AIR EJECTORS

SALT WATER

steam-jet refrigeration system .and the vapor
compressiofi cycle refrigeration system. The
steam-jet system is used on some naval ships for
air conditioning and on some merchant ships for**
large area, moderate temperature refrigeration.
The steam-jet plant (fig. 8-1) consists of a flash
tank, a booster ejectot, a condenser, air ejectors,
and the necessary pumps.and piping. The flash
tank (sometimes called the ' evaporator) is
maintained undey exceptionally high vacuum by
a steam-jet boogter ejector as water is sprayed
into the flash tank, part of each drop flashes
into vapor and thereby cools the unvaporized
portion of each drop to approximately 50°F, or
lower depending on tlie capacity of the unit.
The cooled water-fattsN\to the bottom of the
shell-Tt4s, then pumped to the cooling coils and
rzzlrmo the flash tank at a temperature of

approximatély 55°F.

BOOSTER EJECTOR

AUTOMATIC VALVE ANO

. STEAM CONTROLS - )
- ] __ STEAM
LINE
7 b X
i ' ) A FLASH TANK

COOLING 29" VACUUM

SNGUEEs ) -

AFTER INTER
CONDENSER CONDENSER

CRAIN TO

SHIP'S SYSTEM DRAIN TO

CONDENSER

CONDENSATE TO RECIRCULATING
LINE AND SHIP'S DRAIN SYSTEM

!

,j B

F%ura 8-1.—Steam-jot refrigeration systerp.

. .94 i

e Y
\\>><Y ’

wATER LEVEL
CONTROLLER ‘

-

CHILLED WATER SYSTEM

 47.89
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FYAPORATOR COXPRESSOR

VAPOR
KEFRISERANT

3 U
REFRIGERANT

# {EAT FLOW

e——m e e —

47.90%

Figure 8-2.—Vapor compression (R-12) cycle
refrigeraticn.

@
[

-~ The vapor compression cycle refrigeration

syﬁs\em (fig. 8-2) is most commonly used on
-naval ships in various applications, such as
refrigerated Ahip’s stores, refrigerated cargo, and
unitary (self-contained) refrigeration (as ship’s
service store equipment).

Ship’s stores spaces are refrigerated for the
preservation of food supplies. The insulated
compartments for cold storage spaces are the

" walk-in type. The equipment selected to” cool
these spaces is designed to maintain certain
temperatures: for shlps designed before 1950,
the meat room at 15°F, fruit and vegetable
rooms at 40°F, butter and egg rooms at 32°F;
and for ships designed since 1950, the freeze
room at 0°F and the chill room.at 33°F.

Auxiliary ships have refrigerated cargo
spaces for stowage of perishable food that is
intended for the forces afloat and for advanced
bases. Approxrmately 30 to 60 percent of the
refngerated cargo space is maintained at 0°F (at
-5°F on the latest designed ships). The
remainder of the refrigerated area is maintained
at 33°F to 35°F.

Unitary refrigeration systems are of two
types—remote and self-contained. The remote
type is a complete unit except that the source of
refrigeration is” Iocated separately and is not
contained within the unit cabinet. Equipment of
this_type includes soda fountains and ice cream
hardenmg machmes *

The self-contained units, which have the

refrigeration source within the unit cabinet,
include dgifiking water coolers, refrigerators, and
frozen fbod cabinets.

Other refrigeration equipment includes two
types of ice-making machines. One type is a

* self-contained unit which makes ice cubes. The

89
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other is a tank-type which m large slabs of
ice. The tank-type ice machihe is normally
located in a separate machinery room which is
identified as the ice machine room. This type is
installed on auxiliary ships such as tenders and
repair ships.

AIR CONDITIONING
EQUIPMENT

Air conditioning is installed on naval ships
for tertain spaces where personnel efficiency,
health, safety, or operation of equipment may
be endangered by hrgh temperatures or high
humidity.

Some of the spaces that might be air
conditioned include the radio and radar control
spaces, sick{pay areas; and living and berthing
spaces. The radio and radar control spaces are
usually air conditioned because8f the high heat
glven off by the equipment. This heat, gspecially
in combination with high humidity, <o be
dangerous to the operator and the equip t.
Air conditioned ' sick-bay areas have proven
advantageous” in that they help to speed
recovery. The living and berthing spaces are
often air conditioned, both to provide comfort
for the crew and to increase personnel

' efﬁcrency

There are two basic types of air conditioning
equipment used aboard ship. One type uses
chilled water for the cooling medium; the other
uses refriggrant R-12 to carry away the heat.
Most of the air conditioning equipment aboard
Navy ships uses the aefrigeration equipment for
the removal of heat from the circulating water
or refrigerant. Heat is removed by the cooling
coils of the refrigeration equipment. There are
also some gsmaller selfscontained units used
aboard ship, similar to the window type used in
homes.
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- Figure 8-3.—Soloshell double-effoct distilling plant.

)
DISTILLING PLANTS

" The two basic types of distilling- plants
irftalled aboard naval ships are the vapor
distilling plant and ‘{:ﬁem .
plant. The main difference betwgen the
two types of distilling plants is in the method
used t apply heat to the sea water. In the vapor
comprefsion plant, the source of Hheat is
obtained'{rom electrical energy. :
The vapor compression {ype distilling’ plant
was first developed primarily for -submarine -
service, where the absence  of steam made it
necessary to supply anotﬁer form of heat
é;nergy However,” on newer type submarines,
this type plant is currently uged for back-up

only. It is also used on older, smallidiesel~driven
surface craft where the daily demand for fresh
water does not exceed 4,000 gallons per day -
(epd). The vapor compression consists of three-
main oomponents—-evaporator, compressor,
~ heat exchanger -

™~
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. Steam operated distilling plants g:e classified- -

as coil, submerged, tube, vertical basket, and
flash types. The coil type is found on a

'older auxiliaries, while the submerged tube type,

is found on most older sl}{%s,;lfhe vertical basket -

- and flash types are newer 'designs and have been

~ installed on some combatant ships constructed

 were also installed during thik period.

In the vertical basket type, Ioprressure
ssteam flows into a corrigated basket that is
surrounded by sed water,-Here the steam gives'

up its heat to boil the $ea water and is then

condensed. The, fresh. water vapor from the".
boiling sea water is condex\ d and then removed
as distillate (fresh water). '\ ‘

In the flasf type, preheated feed Water is-.
'dlscharged into ‘a vacuumi chamber where a

rtron of the water is vaporized (flashes into - |

). The remaining water passes into &
jcond flash chamber where further vapbrization |
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takes place. Any. number of flash chambers,
whemw%p@orimtion takes place, can be installed.
Each stage has a eondenser in which the fresh
water vapor is condensed.

There are three basic 'types of
submerged-tube type distilling plants: soloshell
double-effect (fig. 8-3), the triple-effect, and the
two-shell double-effect. The principal difference
between the triple-effect plant and the two-shell
double-effect plant is the number of stages of
cvaporation. In thé. double-effect plant
evaporation takes place in-two stages, while in
the triple-cffect plant.evaporation takes place in
thrﬁe stages. :

The wmost commonly used 20,000 gpd
two-shell double-effect plant is built with two
hotizontal ' cylinder evaporator shells mounted
paralel to each other. The triple-effect distilling
plant is similar to the two-shell double-effect
plant except that the triple-effect plant has an
intermediate evaporating stage. A standard
triple-effect, 20,000 gpd plant is illustrated jn
ﬁgun;e_.&4.

o Almbdst all low-pressure distilling plants up
to and including the 12,000 gpd capacityiplant

[l

AUXILIARY
STEAMINLEY _
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are of the soloshell double-effect type. This type
consists of a single shell that has a vertical
partition which "divides the shell into two
cvaporator shells. ,

One type of 20,000 gpd capacity, soloshell
doulte-offect plant is installed on some of the
older ships. Where it is necessary to fumish
40,000 gpd, two such plants are Installed. Some
older destroyers are equipped with two soloshell
evx\p%:tor plants—one, located in the forward
engintroom with a capacity of approximately
12,000 gpd; the other, located in the aft
engineroom, with a capacity of approximately
4,000 gpd. :

STEERING GEARS

There are two basic types of steering
mechanisms in use in the Navy. One is the
electromechanical steering gear, used ex tensively
on small noncombatant ships. The other, and
most common, type is the electrohydraulic
steering gear. In the electromechanical steering
gear, an electric motor is the prime mover. The
electric motor regeives -a signal from the bridge

v
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Figuro 8-4.—20,000 gpd triplo-offoct distilling plant.
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dhd, through shafting and a gear arrangement,
moves th\c rudder.

In the clectrohydraulic steering gear,
movement of the rudder i3 obtained from
hydraulic rams operating in cylinders that are
connected to variable delivery pumps.
Development of this type was prompted by the
large electrical power requirement necessary to
steer ships of large displacement and high
speeds. - '

The electrohydmulic steering gear provides
some ¢distinct advantages over the
electromechanical steering gear: N

1. Little friction between moving parts

2. Immediate responses to movement of
the steering wheel ‘

3. Requires small deck space and head

. room
4. Savings in weight
5. Flexibility and dependability.

There are various types of efectrohydmulic
steering gears in use, but their operating

principles are. basically the same. Some ships.
have double hydraulic rams and cylinders

. mounted fore and aft, as shown in figure 8-5,

while other ships employ a double cylinder,
single-ram, mounted athwartships. A typical
single-ram clectrohydraulic steering gear s
illustrated in figure 8-6.

Emergency stcering gear is provided on all
combatant and auxiliary ‘naval ships that have
electrohydraulic steering gear. Generally, large
combatant ships have a duplicate hydraulic
steering gear for emergency use. On other ships
the emergency gear consists of a hand-opcrated
hydraulic pump.

s

ANCHOR WINDLASS
AND CAPSTAN
A windlass is a piece of deck machinery used
primarily for paying-out and heaving-in an
anchor chain. A wildcat (drum), fitted with
whelps to engage the anchor chain 'may be
mounted eifher vertically or horizontally at the
end of the windlass shaft. (A whelp i; any one of

-
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Figure 8-6.—Diagrommatic arrangement of o double-ram electrohydraulic steering gear.
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Chapter 8~AUXILIARY MACHINERY AND EQUIPMENT

the ribs or ridges on the drum of a windlass. It
looks much like the sprocket whegl ofya chain
fall.)

General requirements of the anchior windlass -

are that it must be simple, rugged, and reliable.
It must be capable of reversal and
brakes.

There Mt: three ‘general types of
power-driven anchor windlasses:
electrohydraulic, electric, and steam. '

Hand-operated windlasses are used on small
ships where the weight of the anchor gear can be
handled without excessive effort by operating
personnel.

The electrohydraulic anchor windlasses are
advantageous where the load varies through a
wide range because of the amount of anchor
chain payed out, the force of the wind, the
strength of the tide, and the type of bottom in
which the anchor is set. Figure 8-7 illustrates a

have suitable

Some} older naval ships are equipped with a
geared windlass driven by a steam engine or an
electric motor. Some of the new smaller
"combatant ships such as destroyers and
destroyer escorts are equipped with the electric
motor type. Figure 8-8 Wlustrates an electric
windlass for a modern destroyer.

A capstan is a spool-shaped, vertically
mounted drum used for heaving-in on heavy
mooring lines. Figure 8-9 shows a vertical shaft

. anchor windlass capstan which is normal topside
equipment on a destroyer. The capstan is a
component part -of the anchor windlass, as
shown in figure 8-7 and figure 8-8.

LUBE OIL'PURIFIERS
Purifiers, normally located in the
engineroom, are used to free contaminated lube
od or diesel oil of water, sediment, and the other

typical electrohydraulic anchor windlass impurities. The purifiers used in the) Navy
arrangement. operate on the principle of centrifugal’ force;
J 4
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that is, a bowl or hollow cylinder is revolved at
high speeds while contaminated oil is passed
through it. This procedure separates the
impurities from the oil. There are two types of
purifiers, the tubular type and the disk type,

- The hollow cylinder or tubular type is
rélatively small in diameter and is operated at
high speed. The cylinder is fitted with a
three-wing device that keeps the liquid rotating
at the speed of the bowl without slippage.
Figure 8-10 shows the tubular type purifier.

The, disk type purifier has a bowl of larger
diameten, which is fitted with a series of disks
that separate the liquid into thin layers. A
sectional view of a disk type purifier is shown in
figure*8-11. :

AIR COMPRESSORS
There are many uses for compressed air

aboard ship and it would be difficult to mention
all of them. Some of the more common uses

0
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« Y
include: operating pneumatic tools; ejecting gas
from ship’s guns; starting diesel engines; charging

and firing torpedoes; operating gun
counterrecoil mechanisms; and operating
automatic combustion control systems.

Compressed air is supplied to the various
syskgms by high-pressure, medium-pressure, or
low-pressure air compressors, as appropriate.
Reducing valves reduce a higher pressure to a
lower pressure for a specific system.

Air compressors are classified in a humber of
ways. A compressor may be single-acting
(compression on one end of the’ stroke),
double-acting (compression on each end of the
stroke), single-stage (one cylinder); multistage
(more than one cylinder); and the compressor
design may be such that the pistons operate
horizontally, vertically, or at an angle.
Compressors are also classified according to the
type of compressing element; the source of
driving power; the method by which the driving
unit is connected to the compressor; and "the
pressure that is developed.

Air compressors may be of the centrifugal,
rotary, or reciprocating type. The type used is
determined by the volume and pressure of air
desired. Most of the compressors used in the
Navy are of the reciprocating type.

Compressors are driven by electric motors,
internal combustion engines, steam turbines, or
reciprocating steam engines. The air compressors
used most in the Navy are driven by electric
motors.

Low-pressure compressors are those which
have a discharge pressure of 150 psi or less.
Medium-pressure compressors are those which
have a discharge pressure of 151 psi to 1000 psi.
Compressors which have a discharge pressure
above 1000 psi are classified as high-pressure air
compressors.

CRANES

Cranes are designed to raise a load, lower it,
and move it in horizontal directions. You will
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Figuro 8-9.—Vortical shaft anchor windlass capstan head.
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find cranes installed on carriers, cruisers, and
auxiliaries. Cranes are used for handling
airplanes, boats, bombs, torpedoes, mines, sweep
gear, missiles, trucks, and stores. Some
submarines are also equipped with cranes for
handling missiles.

In general, cranes may be electrically-driven,
engine-driven, or hand-driven. Cranes

constructed for very heavy loads (lifting heavy.

aircraft, boats, or torpedoes) are usually
electrohydraulic.
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Detailed information concerning shipboard

cranes can be obtained from applicable

manufacturers’ technical manuals.

+ ELEVATORS

‘Many Navy ships are equipped with elevators
which are”used to handle bombs, airplanes,
freight, torpedoes, and ammunition. Shipboard
elevators are divided into two general

o ”&3’ classes—electrohydraulic andgelectromechamcal.
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ELECTROHYDRAULIC ELEVATORS are
divided into two general types—the direct
plunger lift and the plunger-actuated cable lift.

The platform of the DIRECT PLUNGER
LIFT ELEVATOR is raised or lowered by one
or more hydraulic rams, which are located under
the platform. During the hoisting of a platform,
hydraulic oil is pumped into the ram from a
high-pressure tank ' (approximately 950 psi).
Lowering of the platform is performed by
discharging the oil from the rams into a
low-pressure tank, which is under an
approximate pressure of 230 psi.

Pressure is maintained in the high-pressure
tank’ by two hydraulic pumps (variable stroke),
which take suction from the low-pressure tanks.

COVER CLAMP HOOK

LARGE SPRING

COVER CLAMP SPRING
LONG COVER CLAMP \
INLET ARM SEAL

RING

SPRING NIDE

BALL CHECK SPRING =
BALL CHECK VALVE

Special control valves, located in the pressure
and exhaust lines, regulate elevator speeds by
varying the amount of hydraulic oil admitted to,
or discharged from, the rams. Mechanical locks
allow the platform to be locked and held in
position at deck level. Automatic quick-closing
valves in the oil line prévent an unrestricted fall
of the elevator. ‘
The platform of the PLUNGER- -
ACTUATED CABLE LIFT ELEVATOR is
raised by wire rope fastened to the platform at
either two or four ints. Most hydraulic
airplane elevators are of this type. The wire
ropes in an airplane elevator are operated
through a series of pulleys by a horizontal
hydraulic ram located below the hangar deck.
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Figure 8-11.—Dish type centrifugal purifiers.
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Special safety devi¢es engape the guide rails of
the elevators, stop the fall, and hold the
platformex,\{ﬁfnone group of wire ropes fails.
ELECTROMECHANICAL ELEVATORS are
used for freight, bombs, and stores. In elevators
of this type, the platform is raised and lowered
by one or more wire ropes which pass over
pulleys and wind or unwind on hoisting drums.
Hoisting drums are driven through a reduction
gear unit by an electric motor. An electric brake
stops and holds the platform. The motor has
two speeds (full speed and low, or one-sixth
speed). Control arrangements allow the elevator

to start and run on high speed. Low speed is -
used for automatic deceleration as the elevator
approaches the selected level. The platform
travels on two or four guides. Hand-operated or
power-operated lock bars, equipped with
electrical interlocks, hold the platform in the
stowed position or accurately hold the platform
when on- or off-loading tracks are used.

WINCHES

A winch is a piece of detk machinery that .
has a drgm or drums on a horizontal shaft for

DRUM REDUCTION ROPE  CLUTCH DRIVE DRUM
GYPSY GEAR GEARING GUARD  LEVER MOTOR BRAKE
speep ‘HEAD o5 BED - LEVER
; ’ PLATE DRUM DRUM
CONTROL BATH DRUM | BRAKE | CLUTCH . ELECTRIC

o B 80.149

Figure 8-12.—Units of an electromechanical winch.
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handling loads with wire rope. In addition, cargo
winches may be equipped with one or two gypsy
heads fitted- for handling manila rope. Figure
8172 illustra .< the units of an electromechanical
winch. '

Winches are of the steam, electromechanical,
or electrohydraulic types. Winches handle wire
rope used with equipment such as booms and
davits for handling boats and cargo; for fueling
and replenishment at sea; and for miscellaneous
operations when the handling of rope under
tension is required.

Steam winches are normally installed on
such, ships as tankers, where use in the vicinity
of flammable materials is required. Other older
type auxiliary ships, which have direct-current
power supplies, use electromechanical winches
where d-c motors provide the desired speed

\control of the winch drum or gypsy head. Since
newer auxiliary ships and all combatant ships do
not have direct-current power supplies, they are

v equipped with electrohydraulic winches. In an
electrohydraulic winch, the stroke adjustment of
the hydraulic pump provides the desired speed
control of the drum and the gypsy head.

LAUNDRY EQUIPMENT

Prior to 1914, personnel aboard naval ships
washedthelr laundry by hand. Their equipipent
consisted of a bucket, soap, and water. Today
most all naval ships are equipped with laundry
facilities. Carriers, tenders, and repair ships also
have drycleaning equlpment

~

e

The laundry equlpment in a modem ship’s
laundry consists ‘of washer-extractor -
combgpations, dryers, various types of ironing
and " pressing equipment, plus numerous
miscellaneous items such as laundry markmg
machines.

GALLEY EQUIPMENT

The food preparation and service equipment
located in the galley and messing spaces aboard
naval ships is designed for quantity food service.

Galley equipment is used for the cooking
and preparation of food for use in’ the“general
mess. This equipment consists of ran €s, Ovéns,
griddles, deep-fat fryers, mixing machines, meat
slicing machine, cube steak machine, coffee
urns, toasters, steam-jacketed kettles steam
tables, scales, refrigerators, cooking utensﬂs, and
dishwashing machine. Other equipment that are
used specifically for vegetable preparation are
the machine-driven potato peelers, food cutters,
and the french-fry cutters. Normally, the latter
three . pieces of equipment are located in a
vegetable preparation room.

On farge ships such as carriers, tenders, and
repair ships, there is also a meat cuttihg room
(butcher shop) where meats, fish, and poultry

. ‘are, prepared for cooking. The equipment

nggally found in this area consists of
meat-cutting blocks, meat-grinding machines,
power-driven meat-cutting bandsaw, slicing
machines, knives and other meat cutting tools,
and hooks for hanging meat. 7

[




CHAPTER 9

INSTRUMENTS

Measurement, in a very real ®sense, is the
language of engineers. The shipboard engineering
plant has many instruments that indicate to
operating personnel conditions existing within a
piece of machinery or a system. By proper
interpretation of the readings of the

instruments, operating peg nel can determine
whether the machmeﬁ Eor the system, is

operating within the pre d range.

Recorded instrument readings are used to
ensure that the plant is operating properly and
also to determine the operating efficiency of the
plant. The instruments provide information for
hourly, daily, and weekly entries for station
operating records and reports. The data entered

~in the records and reports must be accurate since
the engineer officer studies the records and
reports to keep up with the condition of the
plant. Remember that accurate data entered on
the records and reports can be obtained only by

reading the instruments carefully.

. )

The instruments, indicators, and alarms
discussed in this chapter are included not only
because of their relative importance in the

engineering plant, but also to give you an idea of -

the wide rahge and type of instruments,
- indicators, and alarms that are .used in the
engineering plant aboard a naval ship.

Engineering measuring instrumen(ts may be
classified into the following groups:

Pressure gages

Thermometers and pyrometers
Liquid levellindica :
Fluid flow Myeters ,

Revolutio & nters and indicators.
4 .
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“PRESSURE GAGES .

Pressure gages include a variety of Bourdon
tube gages, bellows and diaphragm gages, and
manometers. The Bourdon tube gages are
generally used for measuring pressure of 15
pounds per square inch (psi) and above. The
bellows and diaphragm gages and manometers -
are generally used for measuring pressures below
15 psi.

BOURDON TUBE GAGES

- The most common Bourdon tube gages used
in the Navy are the (1) simplex, (2) vacuum, (3)
compound, and (4) duplex gages. They operate
on the principle that pressurein a gurved tube
has a tendency to straighten out the tube. The
tube is made of bronze for pressures under 200
psi and of steel for pressures over 200 psi.

" Figure 9-1 shows a Bourdon tybe installed in
a gage %tase. The Bourdon tube is in the shape of
a C and is welded or sliver-brazed to the
stationary base. The free ond of| the tube is
connected to the indicating mechanism by a
linkage assembly. The threaded socket, welded
to the gtationary base, is the pressube
connection. When pressure enters the Boufdon
tube, the tube straightens out slightly and moves
the link connected with the toothed-gear sector.
The teeth on the gear sector mesh with a small
gear on the pinion to which the pointer is.
attached. Thus when pressure in the tube
increases, the gear mechanism pulls the pointer
around the dial and registers the amount of
pressure being exerted in the tube.

The simplex gage, shown in figure 9-2, may
be used for measuring the pressure of steam, air,

‘water, oil, and similar fluids or gases.

L
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The Bourdon tube vacuum gage, commonly
used on auxiliary condensers to indicate vacuum
VAL SHAPED . | SEALED ENO in inches of mercury, is illustrated in figure 9-3.
BOURDON TygE CONNECTING Vacuum gages indicate pressurg below
LK atmfospheric  pressure, whereas pressure gages
indicate pressure above atmospheric pressure.

TOOTHED GEAR SEGTOR

* MAIR SPRING

The compound Bourdon tube gage (fig. 9-4)
uses a single Bolurdon tube of such great
elasticity that it can measure vacuum (in inches)

“to the left of the zero point and pressure (in
pounds per square inch (psi)) to the right of the
Zero point. : ‘

The duplex Bourdon tube gage illustrated in
figure 9-5 has two separate gear mechanisms .
CONNECENG within the same case. A pointer is connected to =

LINK SCREWS . .

the gear mechanism of each tube. Each pointer

oron operates independently of the other pointer.

BUSHING Duplex gages are commonly used for such
. N reREaDED sockeT purposes as siwing the pressure drop between .~

the inlet side and the outlet side of lube oil

strainers. If the pressure reading for the inlet

MOVEMENT
SUPPORT

SEALED END

!

o . 38.211AX side of the strainer is much greater than the
Figure 9-1.—Bourdon tubs installed in a
gaga case.
RED HAND POINTER

o

38.211BX : 38.211DX
Figure 9-2.—Simplex Bourdon tubs pressure gage. ~ Figure 9-3.~Bourdon tube vacuum gage.
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38.211EX
Figure 9-4.—Compound Bourdon tu.ee gage.

N 38.211FX
Figure 9-5,—Duplex Bourdon tube gage.
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Ry 61.3BX
Figure 9-6.—Indicating mechanism of a bellows

- pressure gage.
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Figure 9-7.—Diaphragm air pressure gage.
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pressure reading for the outlet side, the strainer
is most likely very dirty and is thus restricting’ -
the flow of lube oil through the strainer.

p

. .
'BELLOWS - GAGES

A bellows gage is generally used to measure
pressures less than” 15 psi. Some types are
satisfactory for measuring draft pressures and>
for general low pressure measurements. The

bellows of the gage is made of stainless steel,
brass ium- pper, Monsgl or phosphor
bronzj A bellows s shown iri a gage cas«i in

ﬁgure 9-6.

When pressure ‘increases in the line to a
bellows gage, the bellows increases in length and
operates a“system of gears and leverg which are
connected to, the pointer. The pointer then
Aegisters the higher reading on the dial. When the
pressure to the bellows gdge decreases, the

- bellows returns to its normal length, returnjng
the pointer toward zero. When the pressure to
the bellows is completely gremoved, the
-hairspring of ®he pox&ter returns the pomter all .

the way back to zero. vy

DIAPHRAGM GAGES

Diaphragm gagés are sensitive and give
reliable indications of small differences in
pressure. Diaphragm gages are generally used to
ameasure air pressure in the space between the
inner and outer boiler casings.

-
A4

The indicating mechanism of a diaphragm:
gage, shown 'mifigure 9-7, consists of a tough;:
pliable, neoprene rubber membrane connedéted
' to a metal spring which is attached by a simple
-linkage system to the gagé pointer. _

i ‘e o

One side. of the diapliragm is exposed to the
pressure being measured, while the other side is
exposed tg the -aténosphere. When pressure is
applied to the diaphragm, it moves upward,
pushing the metal spring ahead. As the spring is

- pushed up, it moves the pointer, connected to it
with a chain, to a higher reading on the -dial.
When the pressure is lowered the diaphragm
pulls the pointer back toward the zero point.

=103
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MANOMETERS

A manometer is perhaps the most accurate,
least expenstve and simplest instrument £or
or low pressure
differentials. A manometer, inl its simplest form
consists of a glass U-tube of uniform diameter,
filled with a liquid. The most common liquids
used are water, oil, and mercury: One end of the
U-tube ,is open to the atmosphere and the gther
end is connected “with the pressure to be
measured.

Manometers are “available in many different
sizes and designs. They all operate on the same
principle. Two common types of manometers
are shown in figure 9-8¢

.

THERMOMETERS AND PYROMETERS

pénstrument which
The

‘&\ ‘thermometer is a

measures temperature. temperature

i 4

ICH

61.4X
Figure 9-8.--A. Standard U-tube manometer.
B. Single-tube manometer.
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I

measured may be that of steam to the main
engines, brine in an ice machine, oil and bearings 0
in the main engines, ‘or substances in many other
locations. In general, a thermometer measures
. changes in temperature by utilizing the effect of
heat on the expansion of a liquid or a gas.
Thermometers are designed as “(1) .
direct-reading, liquid-in-glass type, (2) bimetallic
type, or (3) distant-reading, mdlcating-dml type
thermometers. ’

LIQUIDIN-GLASS THERMOMETERS |

Liquid-in-glass thermometers are filled with
mercury, ethyl alcohiol, benzine, water, or some
other liquid suitable for the temperature range
involved. Most of the liquid-in-glass
. thermometers used in the engineering spaces are -
filled with mercury. When a thermbmeter is
exposed to a temperature to be measured, heat
causes the liquid in the bulbr to expand and rise

49" INGLINED
ANGLE

N

RICHT SIDE ANOLE

LEPT SI08 ANQLE

61.26
Figuro 9-9. -Tharmometers with angle sockaqts.

s
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MQUNTING

POINTER

‘DIMETALLIC CLEMENT
GAGE DIAL ‘ !

61.27
Figure 9-10,—Bimetallic actuator for a thermometer,

bl

in the glass stem. Cold, or the absence of heat,

causes the hqu\d to contract and fall,

Liquid-in-glass thermometers are designed so

that the face will be in the best positon for
. reading, »when the thermometer is installed. -

Some thermometers with different angles are .
shown in figure 9-9, ,
Mercury-filled thermometers must not be

misused or improperly handled because of

personnel hazard. Mercury preduces a hlghly
toxic vapor which is-hazardous if breathed in
excessive concentration. A

BIMETALLIC DIAL THERMOMETERS *

element for indicating temperature changes on a
circular dial. The {bimetallic actuator is a
single-helix coil fitted ¢losely to the inside of the
stem tube. A rise in temperature causés the
actuating element to expand. Beause the
element is composed of two thin strips of
different metals with each metal having a
different rate of expansion, the element expands
by unwinding instead of by expanding against
the sides of the tube. The pointer shaft is
secured to the free end of the element and thug
registers the-amount of element movement on'
the dial face. Figure 9-10 shows the actuating
element of a bimetallic thermometer

DISTANT-READING ‘
DIAL THERMOMETE_RS '

Bimetallic dialwt’%ermometers use a bimetal

-

Distant-reading dial thermometers are used

" when indicating portions of the instrument must
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EOURDON
TUBE
PRESSURE
GAGE

CAPILLARY
TUBING

MERCURY
suLs

. 61.28X
Figure 9-11.—Distont-rcading dial thormometer.

a distance from where the

be placed at
temperature is being measured. The
mercury-filled, distant-reading thermometer,

shown in figure 9-11, is the most common type
used aboard ship. There are other types, but
they are not commonly used aboard ship and
will not be discussed. | .

The mercury-filled, distant-reading
thermometer (fig. 9-11) consists of a mercury
bulb, capillary tubing, and ‘a Bourdon tube
pressure gage. The mercury bulb, the capillary
tubing, and the Bourdon tube in the pressure
gage are all filled with mercury.

The mercdry bulb is the sensing element. It
is inserted and fastened securely (eithgr threaded
(or bolted) in an opening in a pipe br turbine
pump casifg, for instance, where a temperature
measurement is desired. 1

The capillary tubing is constructed similarly
to armored electric cable, but instead of having

wll Toxt Provided by ERIC
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wiresor cables inside, the armor contains a small
flexiblg metal tube. The capillary tubing must be
handled\ carefully and must be maintained free
of kinks twists, so that the mercury column
within the dbing is not distrupted.

The Bourdon tube pressure gage is the same
as we discussed earlier in this chapter. The gage
contains a Bo'urdgn tube which has a tendency
to straighten out as the pressure in the Bourdon
tube increases.

S

Now, let us put together the three major
units of the distant-reading thermometer
(mercury bulb, capillary tubing, and the pressure
gage) and see what happens. Remember that all
three of these units are filled with mercury and
that when the temperature rises, the increase
causes the mercury in the bulb to expand. The

pransmn of the mercury in the bulb causes a

. has

05

11

ressure to be built up in the capjllary tubing.

This same pressure is transm#tted“through the
capillary tubing into the Bourdon/tube in the
pressure gage. The Bourdon tube-straightens out
and, through an assembly of gears and levers,
causes a painter to move around a dial, which
previously been calibrated to show
corresponding temperatures. The expansion of
the mercury in the bulb-results in a movement
of the pointer that is directly proportional to
the temperature applied to the bulb.

PYROMETERS

Pyrometers are used to measure temperature
through a wide range, generally between 300°F
and 3,000°F. They are used aboard ship to

temperatures in heat treatment
in exhaust temperatures of diesel
es, and for other similar purposes.

¢ pyrometer includes a fhermocouple and
The thermocouple, made of two
issimilar metals joined together at one end,
produces an electric current when heat is applied
at its joined end. The meter, calibrated in
degrees, indicates the temperature at the
thermocouple. Figure 9-12 illustrates the
operating principle of the thermocouple of the
pyrometer.
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LIQUID LEVEL INDICATORS

In the engineering plant aboard ship,
operating personnel must frequently know the
level of various liquids in various locations. The
level of the. water in the ship’s boilers is an
example of a liquid level that must be known at
all times. Other liquid levels that must be known
are the level of the fuel oil in. storage
tanks and service tanks, the level of the.vater in
the deaerating feed tank, and the level®of the
lubricating oil in the oil sumps and reservoirs of
pumps and other auxiliary machinery.

Liquid level indicators, other than sounding
reds and tapes, are constructed in a variety of
designs and sizes; some are simple and some are
relatively complex. Some indicators measure
liquid level directly by measuring the height of a
column of liquid. .

TANK GAGING SYSTEM

~ One of the most common liquid level
indicators is the static head gaging system,
shown in figure 9-13. This type indicator is
generally used to measure the liquid level in fuel
oil storage tanks aboard ship. This system uses a
mercury manometer to balance a head of liquid
in the tank against the column of liquid in the
manometer. The balance chamber is located so
that its orifice (opening) is near the bottom of
the tank. A line connects the top of the balance

wll Toxt Provided by ERIC
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chamber to the mercury-filled bulb of the.

indicator gage, and another line connects the
space above the mercury column to the top of
the tank. Since the height of the liquid in the
tank has a definit¢ relationship to the pressyre
exerted by the liquid, the scale can be calibyated
to show the height (or liquid level). When the
height*of the liquid in the tank is known, the
measurement of height can be readlly converted
to volume (gallons).

GAGE GLASSES

L4

The gage glass is gne of the simplest kinds of
liquid level indicators. Gage glasses are used on
boilers, on deaerating feed tanks, on inspection
tanks, and on other shipboard machinery. Gage
glasses vary in design and construction
depending upon pressure or other service
conditions.

The liquid level in the gage glass is the same
as the liquid level in the container, and the
liquid level can be determined by visual

—
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Figuro 9-13.—Static head gaging system..
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Figure 9-14.—Boiler gage glass insta(led on a boiler,

obsenvation. A typical boder gage glass installed
on a botler s shown in figure 9-14. !

In addition to the gage glasses. some boilers
are equipped with remote water level imdicators.
The remote water level indieators are generally
mstalled on the operating level of the boilers to
provide the petty ofticer in charge with a readily
obtamnable reading of the water level in the
steam drum of the boilers. Figure 9-15 illustrates
one type of remote water level indicator.

"LUID METERS

Flmd  meters are used  aboard  ship to
meastire flow rate of fuel oil, diesel vil, water.

ERI

Aruitoxt provided by Eic:
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gasolme, and other liquids. You cannot get an
decurate measurement of the rate of flow of a
liquid  through a meter_unless the recorded
amount 1s read correctly. Some different types
ot dials used on tluid meters are shown in figures
9-16 and 9-17. The dial readings are generally in
U.S. gatlons unless otherwise “specified on the
dial face. The dial taces shown in figure 9-16 are
tor the strmght-reading type meter: the dia] faces
shown in figure 9-17 are for a round reading
meter,

To read the ﬁright-rcuding meter, read from
left to right and addsthe number indicated by
the smaller pointer above. For example, in part

113
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A of figure 9-16 the reading is 0000280. Part B
shows the reading ta be 0000285. As the pointer
turns, so does the rightshand, numbered roller.

Even though the next higher number is partly

exposed always read the lesser number, which is
the number disappearing from sight. When the
small pointer is at O all the numbers in the
straight-reading dial will be centrally aligned, as
shown in part A and part G of figure 9-16. When
the small pointer is at 8 or 9 (part C of fig.
9-16), the next larger number on the numbered
rolier is almost completely exposed, but the
le€sser number must be read. The dial in part C of
figure 9-l 6 reads 288 gallons, not 298 gallons.

To read the round-reading dial face (fig.
9-17) take the lesser number of the two between
which the hand points in each circle. Notice that
each circle indicates tens, hundreds, thousands,
tens of thousands, etc. Place the number taken
from the circle marked *tens” in-fthe units
position, place the number taken from the circle
marked “hundreds” ‘in the tens place; and

ot e

139.33
Figure 9-15.—Remote water level indicator.

£i

114

108

[t 1. (s < 1|
%)

:‘s OALLONS. 2
Q(‘t e

Hpparan

. AUS.GALLONS. p

maL ae

61.13.1X
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coittinue  similarly for the remaining circles.
Each division of any circle stands for one-tenth
of the whole number indicated by that circle. If
a hand is on or near a number, read that number
instead of t/%e next lowér number when the hand

in the nexz(logaer circle is on or past 0.

2

REVOLUTION COUNTERS
AND INDICATORS

Measurements of rotational speed are
necessary for the operation of the pumps, forced
draft blowers, main engines, and other
Mmachinery or equipment of the engineering
plant. As a result, various instruments are used
to indicate the shaft! speed or to count the
number of turns a shaft makes. One type of
instrument, the revolution counter, whith is
mounted on the throttleboard in the
engineroom, counts the total number of turns
that are made by a main propulsion shaft. These
counters are similar to the speedometer of an
automobile. A typical revolution counter is
shown in figure 9-18. ' :

"He Ecran 14 g En Qone

A PENNA

%

\H“// ) ' 7.143
Figu 8.—Revolution counter.
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The most common instrument used in the
engineering plant 'aboard ship to measure
rotational Speed is the tachometer. For most
shipboard machinery, rotational -speed is
expressed in revolutions per minute (rpm). The
tachometers generally used aboard ship are of
three main types: centrifugal, chronometric, and
resonant. . :

The \CENTRIFUGAL tachometer may be
either portable (single and multiple range) or
permanently mounted. The portable multirange
tachometer has three ranges: low (50 to 500
rpm), medium (500 to 5,000 rpxq), and high
(5,000 to 50,000 rpm). Do not shift from one
range to another while.the po;table centrifugal
tachometer is in use. ’ )

Normally, permanently mounted centrifugal
tachometers operate off the governor or
speed-limiting . assembly. The tachometer
continuously records the actual rotational speed

‘of the rhachinery shaft. A permanently mounted
‘centrifugal tachometer is illustr?ted in figure

9-19. -

The portable centrifygal tachometer is
operated manually. A small shaft which
protrudes from the tachometer case is applied -
manually to a depression or projection on the
end of a rotating shaft of a pump, motos, or
other machinery. The centrifugal or rotating
movement of the machinery shaft is converted
to instantangous values of speed.on the dial face
of the tachometer. Figure 9-20 shows a portable
multirange centrifugal tachometer.

The portable HRONOMETRIC
tachometer, shown in figure, 9-21, is a
combination watch and révolution counter. It
measures’ the average number of revolutions per

- minute of a mator shaft, pump shaft, etc.. This

109

tachometer has an outer drive shaft which runs -
free when applied to a rotating shaft, until a
starting button is depressed to start the timing
element. Note the starting button beneath the
index finger in figure 9%21. The chronometric
tachometer retains readings on . its dial after its
drive shaft has been disengaged from a rotating
shaft, until the pointers'are returned to zero.by
the reset button (usually the starting button).

’
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Figure 9-19.—Permanently mounted centrifugal type tachometer on a forced draft blowkr.
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Figure 9-20,—Multirange centrifugal tachomester.

The range of a chronometric tachbmeter is
usually from 0 to 10,000 rpm and “from 0 to
3,000 feet per minute (fpm).

Each portable centrifugal or chronométric
tachometer has a small rubber covered wheel
and a number of hard rubber tips. The
appropriate tip or wheel is fitted on the end of
the tachometer drive shaft and held against the
shaft to be measured. Portable tachometers of
th¢ centrifugal or- chronometric type are used
for mggpmttent readings only, and are not used
fo’} coritindous operation.

The RESONANT REED tachometer,
illustrated in figure 9-22, is particularly useful
for measuring hxgh rotational speeds such as
those that occur in turbines and generators. This
type tachometer is particularly suitable when it
is practically impossible to reach the moving
ends of the machinery shafts. This instrument
gives confinuous readings and is capable of

» . 2.66X making~Tapi], instantaneous adjustments to’
Figure 9-21.~Portable chronometri¢ tachometer. rotational speed.

o © ‘
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Resonance is the quality of an elastic body -
which causes it to vibrate .vigorously when

subjected to small, rhythmic impluses at a rate -

equal/to, or near, its natural frequency. In a
resorjant reed tachometer, resonance provides a
simple but accurate means to measure speed and
rate of vibration. ‘

A resonant reed tachometer cons1sts of a set
of consecutively tuned steel reeds mounted in a
case with a scale to indicate rpm of the shaft and
vibrations per minute (vpm) of the reeds. This
has no pointer—only a set of
accurately tuned reeds—and it operates without
,direct contact with a moving part under test, It
“has no gears or couplings, and it.requires no
oilingfand practically no maintenance.

OTHER ENGINEERING INSTRUMENTS

There are a great number of additional
instruments and indicators used in the
epgineering plant. This section will acquaint'you
with those additonal instruments which you
most likely will be seeing or working with in the
engineering department. These
instruments include superheater temperature

61.16X

Figure 9-22. —Mount'ed'resonant reed tachometer.

} I
alarms, superheater steam flow indicators,
smoke indicators, salinity indicators, lube oil ~
pressure alarms, engine order telegraph and

- many others.

additional .

112
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SUPERHEATER TEMPERATURE ALARMS

Superheater temperature alarms are installed
‘on most boilers to warn operating personnel of
dangerously high temperatures in the
superheater of the boilers. Some superheater
temperature alarms operate similarly to the
Bourdon tube pressure gage. As heat is applied,
the mercury in the spiral-wound Bourdon tube
expands, causing the Bourdon tube to move a
cantilever arm toward an electric microswitch.
" As the preset alarm temperature is reached, the
cantilever arm engages the microswitch, setting
off a warning howl or buzzer. The warning signal
continues until the superheater temperature has
been lowered to approximately 10° or 15°F,
below the preset alarm temperature. The signal
or alarm stops because the mercury in the
Bourdon tube contracts, moving the Bourdon
tube, whictl in turn causes the cantilever arm to
move away from the microswitch, shutting off
the alarm. A diagrammatic arrangement of one
type of superheater alarm is shown in figure
9-23. N

. .
STEAM FLOW. INDICATOR g

Steam flow indicators’ show the rate of flow

of steam through the - superheater of
%

PIVOT POINT
SPIRAL

STEEL CAPILLARY TUBE

e

- ... .94 1

MERCURY FILLED BUL G
v

CANTILEVER
ARM

»

MICROSWITCH —gmed D

ADJUSTER FOR
SETTING ALARM

TEMPERATURE —jb

61.31X
Figure 9-23.—Syperheater temperature alarm.
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Figure 9-24.—-Smoke indicator.

.

double-furnace’ boilers. Before fires are lighted in
the superheated side of double-furnace boilgrs,

» the operator must ensure that a sufficient flow
of steam’is passing through the superheater. The
flow of steam is necessary to carry off the heat
of“combustion in the superheated side of
double-furnace boilers in order to prevent
overheating of the superheater tubes, drums, and
headers.

The steam flow indicator is calibrated in
inches and is normally set at 2 inches as the
minimum low. In other words, fires should not

" be lighted in the superheated side of
double-furnace boilers until the pointer on the
steam flow indicator has reached the 2-rich
mark, which is an indication of sufficient flow
of steam. ' ‘

113
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SMOKE INDICATOR

Smoke indicators (periscope type) provide
the boiler operator with visual indications of
conditions in the stack above the furnace area. A \ '
smoke indicator‘i$ shown in figure 9-24.

(3

SALINITY INDICATOR

Electrical salinity indicating cells (fig. 9-25)
are installed throughout distilling plants to
maintain a constant check on the distilled water.
An electrical salinity indicator consists of a
number of salinity -cells in various locations 4n
the plant; for example, .in the evaporators,
condensate pump discharge, and the air-ejector
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' ringing bell or loud siren, receives its signal from

the bearing that is the mosi\ remote from the
lube oil pump. When the alarm is sounded, the
affected machinery must be stopped
immediately, the cause determined, and
corrective measures taken. ’

ENGINE ORDER TELEGRAPH

The engine order telegraph (speed indicator),
shown in figure 9-26, relays the speed requested
by the officer of the deck while underway to the
throttleman in the engineropm. The engine
order telEgraph is generally mounted on the
LA o throttleboard adjacent to the throttle valves, so
that it is readily visible to the throttleman. The
L following table lists speed changes which may be
ASSEMDLY indicated via the engine order telegraph.

ELECTRGDE
ASSEMBLY

SETSS <bwy -

. 7.150
. , Figure 9-25.—Salinity cell and valve assembly.

| condenser drain. These - salinity cells are all
| connected to a $alinity indicator panel.
i a Since the electrical resistance of a solution
| varies according to the amount of ionized salts
| in solution, it is possible to measure salinity by
‘ measuring the electrical resistance. The salinity
indicator panel is equipped 'with a meter
calibrated to read directly either in equivalents
.7 per million (epm) or in grains per gallon (gpg).
The newer type salinity indicators are calibrated
in epm. ‘
LUBE OIL '
PRESSURE ALARM
| Lube oil pressure alarms aré installed oreall
| generators and inain propulsion engines to signal
‘ when the lube oil pressure to the bearings is
" dangerously low. Low lube oil pressure, can
cause a number of casualties that will impair the
\
|
|
|
|
|

operating condition of- the machinery invdlved. » ) ) : - 7.116
-, The lube oil pressure, which is e‘ither a rapidly Figure 9-26.—Engine order telegraph.
o 114 " :
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Ahead - Stop Astern
1/3 1/3
2/3 2/3
I — Standard Full
Il — Full
I — Plank
o g

b 4

o

The wrong direction alarm is connected to ° }
the €ngine order telegraph and the main engine
throttle valves. If the engine order telegraph
indicates “ahead” and the throttleman attempts 7
to open the astern throttle valve, a loud signal or
alarm is sounded. -
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Firer'n,an, you should have  a general
knowledge. of the basic operating principles of
* the various\ges‘ of pumps used by the Navy.
Pumps are usedsto move any substance which
-flows or which can be made*to flow. When

thinking. of the term*pu-mg)ing, you probably .
think of moving “water, oil, air, steam, and other -

common liquids and gases. Substances such as
molten tnetal, sludge, and mud are also fluids

and can be pumped with specially designed

pumps. ,

A pump is a device which wuses an external
source of power to aﬁply a force to a fluid in
order to smove the fluid from one place to
another. gpump transforms energy from the
external source (such as ar electric motor or
steam turbine) jnto-mechanical kinetic energy,

which is revealgd by the motion of the fluid.

This kinetic eriexgy is-then used to do work,
such as: to raise a liquid-from one level to
another, as when lifting water from a well; to
transport a liquid through a pipe, as in an oil

pipeline; to move a liquid * against some .
resistance as when filling a boiler under pressure;

or to force a liquid through+a hydrawic system
against variQus resistances. '

Aboard ship, pumps are used for a number
of essential services. Pumps.supply water to the
boilers, draw condensate from the condensers,
supply sea water to the firemain, circulate
cooling water for coolers and condensers, pump
out hilges, transfer fuel. oil, Eupply sea water to
the distilling* plants, and ‘serve :many other
purposes. The operation of the ship’§ propulsion
plant and of almost a1l the auxiliary machinery
depends on the proper operatign. of pumps.
JBump failure may cause failure of an entire

- power plant, although most plants have two
pumps—a main pump and a standbypump.

Q y .

" it may be called the LIQUID END, the A&{ER
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. If a system has a ‘pump, it must also contain’

devices for controlling the' volume of.flow, the
direction of flow, or the ”bperalﬂlg préssure of
the system. A device that performs one or more
of these control functions is called a VALVE,

In addition to ‘pumps and valves,.in this
chapter we shall discuss piping which is a vi;a}l‘_
part of the ship’s engineering plant.

PUMPS

i A
Pumps are classified by their design -and

operational features, Pumps are further classified

~ by the type .of movement that causes the

"pumpipg"”action\B (reciprocating, rotary,
centrifugal, propeller, or jet pumps). Pumps are
also classified by the rate of speed, the rate of
di§charg'e, J'md the method of priming. Some .
pumps run at variable speed; others at cdnstant
speed. Some pumps have a variable capacity;
others discharge at a constant rate. Some pumps
are self-priming; “others require a positive

" pressure on the suction (intake) side before they

A N Y

acan begin to- move a liquid.

‘¥

/

- Regardless "of classificati ; p must
have-a POWER END and a-@ﬁﬁn END~The
power- end may be a 'B%am ‘turbine, a

reciprocating steam engine; a“steam jet, or an
eelectric motor. In. steam-driven pumps,” the
power end is often*alled the STEAM END. The
fluid end is generally called the PUMP END; but
to

END, the OIS~END, os-the GAS EN

indicate’ the nature of the Mid substance being
. » N

‘pumped. ‘ ) i
Purgps can be divided into groups according
.to the principles on which they Bperate. Most

. pumps fall into five main types: reciprocating,
4,

2

-

. ° fg\.g
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rotary, centrifugal, propeller, and jet. Each type
of ‘pump is especially suited for some particular
kind of work. '

RECIPROCATING PUMPS

" The hand water pump commonly used on
farms is a good example of the reciprocating
defives its name
from the back and forthNor up and down
movement of the piston or plunger inside a
cylinder. These pumps are used on modern ships
as emergency feedwater pumps and as
emergency fire and bilge pumps. Reciprocatifig
pumps are used for emergency purposes because
they are easy to operate and can be stafted
safely by relatively inexperienced personnel.
These pumps are also reliable for starting under
cold conditions.

A single-acting pump is one which takes a
suction on one stroke only, known as the
suction stroke. On the return stroke—called the
discharge stroke—the liquid is forced out of the
cylinder. Figure 10-1A illustratgs the operating
principle of a single-acting reciprocating pump.

The principal parts of a ,si‘ngle-acting
reciprocating pump are a cylinder, a piston, and
a valve system. The piston ﬁtsr‘}r\ugly in the
cylinder and is moved up and down in the
cylinder by the pump_shaft. Most of these
pumps are steam-dkimhe pump shaft is a
continuation of the piston rod of the steam
cylinder. | ‘ ’

On the down stroke, the valves in the
bottom of the cylinder are{closed and the water
in the lower part of the cylinder is forced up
through the valves in the piston: On the up
stroke, the weight of the water above the piston
closes the piston valves. As the piston moves
upward, {it draws the water from the suction line
into the *cylind¢r through the cylinder valves.
The water aboves the piston leaves the pump
through an outlet line or a spout. *

The double-acting plitp shown in figure
10-1B_delivers a steady stream of water under
high pressure. Double-acting pumps are also

- steam-driven. The pump is connected directly to

the piston rod of the steam cylinder. These
pumps have the same general parts and opérate
on the same general principle as the single-acting

Chapter 10—PUMPS, VALVES, AND PIPING

T i 139.34
_ Figure 10-1.-0}:eratlng principle of two types of )
reciprocating pumps.

type except that the valve ‘system is arra ged
\ differently, and an air chamber is added to
maintain the pressure when the piston is at the

top and bottom of each stroke. —_

A stream of water is forced out of the
double-acting pump on both the up and the

"~ down strokes. On the up stroke, the water above

the piston is forced out through the upper outlet
valve. At the same time, Water is being drawn -
into the space below the piston through the
lower inlet valve. On the down stroke, the water
below the piston is .forced- out of §discharged
from) the cylinder through the lower outlet
valve and a new charge of water is drawn into
the top of the cylinder through the upper inlet
valve.

Reciprocating pumps . are often called
POSITIVE DISPLACEMENT pumps-—that is,
each discharge stroke displaces‘ a definite
‘amount of liquid, regardless of the resistance,
against which the pump is operating. A relief
valve must be installed in the discharge line to
relieve any excess pressure. o

The Operétion of the reciprocating pump
_generally depends on a valve system which
directs the steam first yd one end of the

“117
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Figure 10-2.—Operating principlo of D-shapad slido
_valve of a reciprocating pump.
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cylinder and then i?\to the other end. The steam
is allowed to escape from the cylinder after it
has served its purpose. Steam to and from the
cylinder passes through two ports (openings),
one in each end of the™ cylinder. This
arrangement is quite similar to the manner in
which the water passes through the
double-acting water pump described previously.

One valve design consists of a D-SHAPED

SLIDE VALVE (D-valve) that is actuated by a

linkage attachcd to the piston rod. (See fig.
10-2.) The steam chest which is attached to
the cylmder is connected through a stop valve to
the auxiliary’steam line. When the piston reaches
the top of its sfroke, the valve-operating
mechanism moves the valve down to the
position shown in figure 10-2A. The port
connecting the steam chest to the Space at the
top of the cylinder is uncovered. Steam from the
chest flows through this port, exerts a pressure
on the top of the piston, and forces it
downward.

At the same time, the space below the piston
is connected with the exhaust port through a
recess in the back of the valve. As the piston
moves downward, the steam that fills this space
is forced out through the exhaust port.

- As t‘he pistun nears the bottom of its stroke,
the valve mechanism moves the D-valve to the
position shown in figure 10-2B. This. movement

wers the lower port. Steam fron‘n the chest

now flows into the lower “part of the cylinder
and pushes the piston upward. The upper

au PORT

"{Breay e
VALUE (o7
\\

I. VAL\{I
PERATING WOD

35.99
Figure 10-3. —Pisxton -typo volvo goar for stoam ond of
rociprocating pump.

cylinder port is connected to the exhaust port
through the back of the valve. As the.piston
rises, it pushes the exhaust steam out at the top -
of the cylinder through ghe exhaust port.

Figure 10-3 shows the piston valve gear
commonly used aboard ship. It performs the
same function as the D-valve, but the movement
of the valve is controlled by the difference in the
steam pressure between the inlet and the outlet.
The piston valve gear consists of a main
piston-type slide valve and a pilot slide valve.
Since the rod from the pilot valve is connected
to the pump rod by a valve-operating assembly,
the position of the pilot valve is controlled by
the position of the piston in the steam cylinder.
The pilot valve furnishes actuating steam to the
main piston valve; this in turn admits steam to
the top or to the bottom of the steam cylinder
at the proper time.

Regardless of the type of valve used, the
continucd operation of the pump consists of
feeding steam into one end’ 5F the cylinder and
exhausting it from the other end. The direction

.t
‘
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of stcam flow (in and out of the cylinder ports)
is reversed at the end of cach stroke of the
piston. : .

Starting a regiprocating p np is quite
simple. First, open the properu\'/&v'{g‘in the
suction and discharge lines before sta ing the
pump. Next, open the exhaust valve and the
cylinder drains. Then open the throttle valve
slightly, or *“crack” it to feed enough steim into
the cylinder to warm it. Adjust the tﬂrottle to
perate the pump at a slow speed until live
s?,eam befins to come out of the drains. Now
close the drains and adjust the throttle to
"operate the pump at the desired speed.

When securing a reciprocating pump, close
the throttle first, and then close the exhaust
valve. Next open the cylinder drains and close
the valves in the suction and discharge lines.
After the steam cylinder has drained, close the
drain valves. ‘

Variable Stroke Pumps

Aboard ship, variable stroke pumps (positive
displacement) are used largely on
electrohydraulic steering gear, elevators, cranes,
and anchor windlasses. In these applications, the
variable stroke pump is referred to as the A-end
of the drive system and the hydraulic motor
which is driven by the A-end is referred to as the
B-end. By controlling the pumping action of the
A-end, you can run the motor (B-end) in’either
direction and vary the speed from zero to the
maximum rate. On some naval ships, variable
stroke pumps are also used as in-port and
cruising fuel oil service pumps.

Although variable stroke pumps are often
classified a® rotary pumps, they are actually
reciprocating pumps. They operate on a
principle similar to that of .a single-acting
reciprocating pump. A rotary motion is
imparted to a cylinder barrel or cylinder block
in the pump by means of a constant-speed
electric motor, but the actual pumping is done
by a set of pistons reciprocating inside a set of
cylinders. . !

Let us discuss the way that the rotary
mation is changed to reciprocating motion.

IToxt Provided by ERI
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Figuro 10-4.—Oparating principlo of o Waterbury
varicblo-volumo pomp.

Figure 104 illustrates the operating
principle of a Waterbury variable-volume pump.
This pump is used as a variable-speed power
transmission in the steering gear and- the
gun-training mechanism aboard ship. It is also
used in those systems where it is necessary to
control the pump output within very narrow
limits. . ? ?

" In the Waterbury pump the puniping is done

. by a set of pistons which move back and forth

within close-fitting cylinders. The oil enters and
leaves the cylinders through ports or passages in
the cylinder heads. The pistons are operated by
the cam action of a tilting plate. This method of
changing rotary motion to reciprocating (back
and forth) motion is demonstrated by the device
shown in figure 10-4. .

This demonstrator consists of a }yh'.qjer
barrel and a tilting plate attached to a shaft, as
illustrated in figure 10-4A. The tilting plate is
fastened to the shaft by a universal joint which?
permits it to tilt in any direction. The
connecting rods (piston rods) rest in sockets in
the tilting plate and are attached to pistons
which slide up and down in the cylinders. When
the handwheel is turned the complete assembly
turns with it. '

When you ‘place the ,demonstrator on a
sloping surface the tilting plate will tip or-tilt
and assume the same angle as the block. The
pistons on the low side will be drawn down in

=
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Figure 10-5.—Variable stroke axial piston pump.
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the cylinders, and those on the high side will be
pushed up. In figure 104 A the number | piston
is in the lowest position; number 3 is in the
highest. .

Now turn the handwheel to the right, and
see what happens. As the far side of the tilting
plate moves up along the surface of the block,
the connecting rods and pistons on that side will
be raised. The near side of the plate will be
moving down along the hlock surface and the
pistons on this side wil move down in tht
cylinders. The operation is continuous. Each
piston moves up during half of each revolution
around the shaft, and moves down during the
other hylf.

\The stroke of the pistons (the distance that
they move up and down during each revolution
of the shaft) depends on the slope or tilt of the
tilting plate. In figure 104B the demonstrator is
resting on a level surface, and the tilting plate is
parallel to the bottom of the cylinder barrel.
When you turn the handwheel now, the tilting
plate will’ not move up and down, and the
pistons will remain in the same position in the
cylinders.

So far, the demonstrator has been used to
show that the pistons will move up and down in
the cylinders when the shaft is turned with the
angle plate tilted. The device can be converted
into an oil pump by adding an adjustable tilting
box to control the tilt of the tilting plate and by
placing a valve plate on top of the cylinder
barrel. The valve plate has two elongated ports
which allow the oil to flow into the cylinders on
one side of the pump and out on the_ other side.
. When the tilt of the tilting plate is increased, the
stroke of the pistons is increased and more oil
passes through the pump. Tilting the tilting plate
in the opposite direction reverses the direction
of the oil flow.

The variable stroke axial piston pump (fig.
10-5) has the same principal parts as the
demonstrator just described in figure 104. The
moving parts are enclosed in a pump case that is
kept filled with oil. These pumps are mounted in
a horizontal position and are usually driven by
an electric motor.

121

i2%7

ROTARY PUMPS

All rotary pumps work.by means of rotating
parts which trap the liquid at the suction side of
the pump casing and force it through the
discharge outlet. Gears, screws, lobes, and vanes

are commonly used as the rotating elements in‘

rotary pumps,

Rotary pumps (positive displacement) are
most useful for pumping oil and other heavy
viscous liquids. They are also used for
nonviscous liquids, such as water or gasoline,
where the pumping problem involves a high
suction lift. Rotary pumps are used for fuel oil
service, fuel oil transfer, and lubricating oil
service. These pumps are self-priming, because
they are able to remove air from the suction
lines and produce a high suction lift (or a
satisfactory vacuum).

The simple GEAR PUMP, shown in figure
10-6 is frequently used in the _lubricating
systems of fuel oil and water pumps, forced
draft blowers and other auxiliary machinery-
This type of pump has two spur gears which
mesh together and rotate in opposite directions;
one is the driving d the other is the driven
gear. The driving gear is Wtached to the shaft of
the electric motor or steam turbine that drives
the pump; the driven gear is in mesh with the
driving gear and is driven by it. The gears must
fit very closely within the case so that the liquid
will not leak back to the suction side of the
pump. The parts are lubricated by the liquid
being pumped. '

DISCHARGE )

SUCTION i

38.108
Figure 10-6.—Action of simple gear pump.
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At first glancé, you might think that the

n the two gears. This is not
true. As the geays rotate, the liquid is trapped in
the spaces betweten the gear teeth and the pump
case and is cafried around to the discharge side
of the pump{ As the teeth come in mesh, the
liquid is squeezed out of these spaces and is kept
from returning to the suction side of the pump.
Pressure is built up and forces the liquid out of
the pump into the discharge line.

There are several variations of the simple
‘gear pump. One kind has herringbone teeth (fig.
10-7) which make little noise and maintain an
even pressure. Another kind has three lobes on
each gear instead of teeth. Lobe pumps and
some helical pumps have timing gears which
rotate the pump parts. All of these pumps
operate on the same principle, as the simple gear
pump just described.

SCREW PUMPS represent still another type
of positive displacement rotary pump. In the
screw pump, the liquid is trapped and forced
through the pump by the action of rotating
screws. Screw pumps have few moving parts and
no valves to get out of order. They are widely
used aboard ships as fuel oil and lubricating oil
service pumps. They may have two or three

liquid passes be

v -38.104

Figurg 10-7.—Herringbone gear pump.
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Figure 10-8.—Cutaway-view of triple screw, -
high pitch pump.

screws and are divided into high pitch and low
pitch types.

The triple screw pump (high-pitch)
illustrated in figure 10-8 has three screws or
rotors which revolve within a close-fitting

housing. The power rotor in the center is in

mesh with /(,émd drives) the two idling rotors
(idlers).

The suction lirfe is connected to the pump -.
intake, which in turn opens into the chambers at

‘the endsof the rotors. As the rotor turns, the

liquid flows in between the threads at the outer -
end 8f each pair of screws. At the end of the
first turn, a spiral-shaped slug of the liquid is
trapped when the ends of the threads come in
mesh again. The threads carry the liquid along
within the housing toward the center of the
pump and to the discharge opening.

CENTRIFUGAL PUMPS

Centrifugal pumps are used in the feed, fresh
water, and fire main systems of the engineering
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plant. There are many types of centrifugal
pumps (feedwater booster, condensate, and
fire), but all operate on—the same principle.
Centrifugal pumps can’handle large quantities of
a liquid and deliver it at a high pressure, These
pumps may be driven by a steam turbine, an
electric motor, or a diesel engine. They do not
operate on the positive displacement principle,
but depend on centrifugal force to move the
liquids through the pump and to maintain the
. desired pressure. (See fig. 10-9.)

When a body revolves in a curved path, it
exerts a2 “centrifugal force” upon the
casing, or whatever nieans is used
from moving in a straight (tangenfial) line. For
example, centrifugal force is the fdrce that holds
the water in a pail when you swinx it in a circle
over your head. If there happens to be a hole in
the bottom of the pail, the water will squirt out,
even when the pail is upside down. ’

The simple centrifugal pump shown in figure
10-9 has only one main moving part. A wheel
called an impeller is connected to the drive shaft
and rotates within the pump casing. The casing
‘has the same spiral shape as the snail’s shell. The
water enters the pump through the inlet pipe,
which empties into the center of the casing. The
location ef the outlet passage corresponds to the
opéning in the snail’s shell through which the
snail emerges. .

The suction connection is so designed that
the liquid is guided from the suction chamber of
the casing to the center or “eye™ of the impeller.
As the impeller rotates, it carries the water
around with it. The centrifugal force resulting
from this rotation pushes the water away from
‘th¢ center and holds it against the inside of the
pump casing. As the water flows along the inside
of the spiral-shaped casing, it is diverted through
the outlet opening and passes into the discharge
line.

Centrifugal pumps are not self-priming: they
should NEVER be run while empty. The
impeller fits very closely into the sides of the
casing and depends on the liquid being pumped
to supply the necessary coolant. This type of
pump is usually. installed below the level of the

restrain it.

tank from which suction is to be taken. When
the intake valve is opened the liquid flows into
the pump arid primes it. The vent cock should
be opened until all air is purged from the pump
casing, .

A single-impeller pump will maintain
pressures up to 150 psi. Where higher pressures
age required the pump is designed with from two
to *six gmpellers. The pressure is raised by
succeSsive stages. The outlet from the first
impeller is connected to the inlet of the second
impeller and so on through all the stages.

PROPELLER PUMPS
L
Propeller pumps ary used on some ships as

‘circulating water pumps. (See fig. 10-10.)

Propeller pumps closely resemble _centrifugal
pumps in design and operation but do not use
centrifugal force for their operation.

/ Propeller pumps are used on some ships as
£ .

irculating pumps (fig. 10-10).

5 Q casing
END PLATE
@

VENT coCK DISCHARGE

SUCTION

139.38X
Figure 10-9.<OpeéYating principle of a centrifugal pump.
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_Figure 10-10.—Main con__déns_er circulating {propeller) pump (showing reduction gearing).

The propeller pump has a propeller closely
fitted into a tubelike casing. The propeller
pumps the liquid by pushing it in a direction
parallel to the shaft.

Propeller pumps must be located either

. below or only slightly above the surface of the

liquid to be pumped, since they cannet operate
with a high suction lift.-

~ JET PUMPS

All the pumps prewously descnbed require
motors or turbines to drive"them. However, jet
pumps have no moving parts. The flow through
the pump is maintained by a jet of water or
steam which passes through a nozzle at a hig,h

_velocity.

s
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Jet pumps are generally classified _ as
EJECTORS (which use a jet of steam to entrain
and transport air, water, or other fluid) and
EDUCTORS (which use a flow of water to
entrain and pump fluids), The basic principle of
operation of these two devices is identical.

A simple jet pump of the ejector type is
- shown in figure 10-11. In this pump, steam
under pressure enters the chamber (C) through a
pipe (A) which is fitted with a venturi-shaped
nozzle (B) having a reduced area which increases
the velocity of the steam. The. fluid in the
chamber at point F, in*front of the nozzle, is
driven out of the pump through the discharge
line (E) by the force of the steam jet. The size of
the discharge line increases gradually beyond the
chamber to decrease the velocity of the
discharge. As the steam jet forces some ofithe
fluid from the chamber into the discharge line,
pressure in the chamber is lowered and the

pressure on 'jﬁh’@;surface of the supply fluid forces

' ATMOSPHERIC
PRESSURE

ABRR

‘- o

< . 75,283
Figure 10-11.—Jet pump (ejector type).

“the fluid up through the inlet (D) into the
chamber and' out through the discharge line.
Thus, pumping action is established. -

Jet pumps of the ejector type are'
occasionally used, aboard ship to pump small-
quantities of drainage overboard. Their primary
use on naval ships is to remove air and Other
noncondensable gases from the main and

. auxiliary condensers.

~ . Figure 10-I2 shows a portable eductor of

the type found in damage control lockers. The
principle of operation is the same as that
described for' the ejector type of jet pump; but -
water is used, instead of steam. All the water

""which enters the large end of the jet must go out

through the small end. Since the exit end is
smaller than the entrance end, the water leaving
the jet will have a greater velocity than it had
upon entering the jet. The venturi-shape of the
diverging nozzles causes a ‘low pressure area,
creating suction which draws water through the
strainer and entrains it through the diverging
nozzle. This ensures a constant flow.

‘Eductors may also be used for salvage work
and with fog or foam equipment. Eductors wil]
operate when entirely submerged in a flooded
compartment ,and will discharge against a

" moderate pressure.

Although fire and bilge pumps are still being
installed in new ships, fixed-type eductors are
the principal means of pumping water overboard
through the drainage system. By the .use of
eductors, centrifugal fire pumps-.can serve as
drainage pumps without having to run the risk
of fouling the pump with debris present in the
bilges; this is especially useful when there has
been damage to a ship. :

-

CONSTANT-PRESSURE
PUMP GOVERNORS

Constant-pressure pump governors used in
the Navy are applied almost entirely  to
steam-driven pumps, both rotary and centrifugal
types. A constant-pressure pump governor -

. . operates to maintain a constant discharge

pressure, regardless of pump capacity or output.
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\ Figure 10-12.—Eductor.

The constant-pressure © pump governor A constant-pressure pump governor for a *
(sometimes referred to as pressure regulating) lubricating oil service pump is shown in figure
consists essentially of an automatic throttling 10-13. The governors used on fuel oil service
valve installed in the steam supply line to the pumps and on main feed pumps are of the same
pump’s driving unit. A pipeline connects the type. The size of the upper diaphragm and the
governor to the pump’s discharge- line. amount of spring tension vary on governors used
Variations in discharge pressure, or in pressure for different services. You will find detailed
differential, actuate the governor, causing it to information concerning the operation and
regulate the pump speed by varying the flow of adjustment of governors in chapter 9470 of
steam to the driving unit. NavShips. Technical Manual. '
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Figure 10-13.—Constant-pressure pump governor.
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VALVES

Most of the equipment in the engineering
spaces is operated by either opening or closing
the valves. A valve is a device for stopping
and/or controllmg the flow of a fluid (liquid or

. gas) through a pipe or an opening. Valves are
installed in every piping system aboard ship.
You will find them in the fuel line, the
feedwater pipes, dnd the steam lines. In addition
to the large valves which control the flow of

fluid in the lines, there are small valves which .

pipe the flow around the'larger ones. These
small valves are called bypass valves which are
used to equalize pressures.

/

«~— Valve designs vary greatly to meet service
demands. Most valves are classified as stop valves
(globe, gate, plug, piston, butterfly, and needle
valves), check valves, or combmatlon stop-check
valves.

Valves can be operated in various ways.
They may have hand wheels, air or hydraulic
pistons, or they may be operated by gravity, or
‘by a solenoid.

STQP VALVES

top valves are used to close off a pipe or
opening so that the contained fluid cannot pass
through. Some valves can be closed partially to
cut down or regulate the flow of fluid.

The typical stop valve consists of the body,
an opening (port) through which the fluid flows,
a movable disk for closing this port, and some
means to raise and lower the disk. In the closed

" position, the disk fits snugly into the port,
closing it completely. When the valve -is open,
the disk uncovers the port, allowing the fluid to
pass through. Each type of stop valve has a
different mechanical arrangement for closing the
port in the valve.

Globe Valvesw

Globe valves generally derive their name
from their -body shape. (Other types of valves
may also have globular bodies; hence, the name
may tend to be misleading.) A cross-sectional
view of a globe stop valve is shown in figure

FRIC - :
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Figure 10-14.—Cross-sectional viow of globo '
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10-14.-Globe valves are widely useg throughout
the engineering plant for a variety of services.
These valves may be used partly open as well as
fully open or fully closed, and are suitable for
use as threttling valves. ~

The moving parts of a globe valve consist of
a disk, valve stetn, and a handwheel. The stem,
which connects the handwheel-and the disk, is
threaded and fits into threads in the valve
bonnet. When you turn the handwheel the stem
moves up or down in the bonnet; carrying the
disk with it. The valve is closed by turning the
handwheel clockwise and opened by turning it
counterclockwise.

‘The valve should never be jammed in the
open position. After a valve has been fully

“opened, the handwheel should be turned.toward

the closed position one-half turn. Unless this is
done, the handwheel is likely to freeze in the
open position, and it will be difficult to close
the valve. Many valves have been damaged in this
manner. Another reason for not leaving globe
valves fully open is that it is sometimes difficult
to tell whether a valve is open or closed. If a
valve is jammed in the open position, the stem
may be damaged or broken by someone who
thinks that the valve is closed and tries to force
it open. Valves that are exceptions to the above
rule are called BACK SEATING valves.

A
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Figure 10-15.—Cutaway view of gate stop valve
{rising stem type).
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Sometimes the operation of a back seating valve
will require that it be fully opened. Whenever
this is so, special instructions to that effect will
be given. These valves are so designed that, when
fully open, the pressure being controlled cannot
reach the valve stem packing, thereby
eliminating possible leakage past the packing.
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-~ The edge of the port, where the disk touches
it, is called the valve seat. The edge of the disk
and the seat are machined and ground together
to form a tight seal. The rate at which the fluid
flows through the valve is regulated by the
p@sition of the disk. When the valve is closed,
the disk fits firmly against the valve seat. When
it is open, the fluid flows through the space
between the edge of the disk and the seat.
Packing is placed in the stuffing box or space -
that surrounds the valve stem and is held in place

‘by a packing gland. With continued use of the
-valve, the stem will gradually wear the packing

away and a leak may develop. You can generally
stop a slow leak by tightening the gland a turn
or two. If this fails, pressure should be removed
from the valve and the packing should be
Tenewed. o

Gate Valves

Gate valves (fig. 10-15) operate on the same
principle as the globe valve, but they have a gate
instead of a disk. The port is the full size of the
pipe and extends straight through the valve. The
gate is connected to the valve stem and is raised
or lowered by turning the handwheel. When the
valve is in closed position, the wedge-shaped gate
blocks off the port; in open position, the gate is
drawn up into a recess in the.top of the valve.

Gate valves are used when a straight-line
flow through the valve is desirable. They do not
work well as throttles because they tend to
chatter. Therefore, gate valves are usually
operated in the fully open or shut position.
They are often used in water lines. :

Plug Valves

Plug valves (sometimes referred to as plug
cocks) are frequently used in gasoline and oil
feed pipes as well as in water drain lines. The
ordinary petcock is a good example of this valve.

The Body of a plug valve (fig. 10-16) is
shaped like a cylinder with holes or ports in the
cylinder wall in line with the pipes in which the
valve is mounted. Either a 'coneshaped or a
cylindrical plug, attached to the handle, fits
snugly into the valve body. A hole bored
through the plug is in line with the ponts in the
valve body. Turning the plug valve handle
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(which is in line with the hole in the plug) lines
up the hole in the plug with the ports in the

valve body so that fluid can pass through the -
valve. The flow can be stopped by tuming thé

plug 90° (one-quarter turn) from the open
position. Py R
L

Some plug valves are designed as three-way

or four-way selector valves. Three or more pipes’

are connected to a single valve in.line with the
same number of ports in the cylinder wall. Two
or more holes drilled in thes plug provide a
varigty of passages through the valve. When a
valve of this kiad is located in a fuel line, the
liquid may be drawn from any one of two or

" three tanks by setting the handle in d;fferent

posmons 9 \

Needle Valves

Needle valves are used to make relatively
fine adjustments in the flow of fluid. A needle
valve has a long tapergd point at the end of the
valve stem. This needle acts gs a disk. Because of
the long taper, part of the needle passes through

N\

LUBRICATED VALVE

Figure 10-16.—Plug valves. '
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the opening in the valve seat before the needle
actually, seats. This arrangement pei'mits a very,
gradual increase or.decreas® in the S1ze of the
opening and, thus, allows more predise eontrol
of flow than can be obtained with an ordinary
globe valve.

o

- Butterfly Valves: T VL

o

4
Butterfly valves are used for liquid service
only. The disk in this type valve is flat and™s
operated by turning the fiand lever on the ste

. When the lever is positioned 90° to the piping

the valve is fully open;‘the valve is in the ful
close&~p051tlon ‘when the lever is in Jine with the

piping. “

CHECK WALVES

Check valves permit a fluidNo flow through
a line in only one direction, . They have many
uses, bothgaboard ship and ashore: The air valves
in automobile tires, the valyes in an ordinar/
water pump, gnd the feedwater check valvegon

~
- L S
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Figure 10-1 7.—Swing-chgck valve.
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a steam drum are oxamples of check valves. All
of these valves open and close automati ally, but
some have a handle or handwheel fo 16¢k them
closed or to limit the size of the opening.

The port in a check valve may be closed by a
disk, a ball, or a plunger. In some valves g spring
. closes the valve, while in others the weight of

<the disk or. ball holds the valve against the seat. -

The valve opens when the pressure on the inlet
side is greater than the pressure on the.outlet
side of the valve. It closes automatically when
the pressure on the inlet side is less than that on
the outlet “side. Figure 10-17 illustrates a
swing-check valve and figure 104!8 shows a
lift-check valve. These valves are of¥en installed

" in drain lines, where it ighqmportant that the flow
be in only one dirg‘:«l—'rc{-‘{q '

»

STOP-CHECK VALVES

As you have seen, most valves can be
classified as being either stop valves or check
valves. Some valves, however, can function as
either a stop valve or as a check valve, depending
on the position of the valve stem. These valves
are known as STOP-CHECK VALVES.

-1

" !
11.320
Figure 10-18.—Cutaway view of lift-check valve,

3

w

Two similar stop-check valves are shown in
cross section in fgure 10-19. As you can see, the
flow and operating principles & this type valve
very much resembles the check valve. However,
the valve stem is long enough so that when it is
screwed all the way down it holds the disk
firmly against the seat, thus preventing any flow
of fluid. In this position, the valve acts as a stop
valve. When the stem is raised, the disk can \be
opened by pressure on the inlet side. In this
position, the valve acts as a check valve, allowing
the flow of fluid in only one direction. The
maximum lift of the disk is controlled by the

posifion of the valve stem. Therefore, the

position of the valve stem can limit the amount
"of fluid passing through the valve even when the
valve is operating as a check valve. Bh
¢> Stop-check valves . are used in various
locations throughout the engineering plant.
Perhaps ~the most® familiar example is the
so-called boiler feed-check valve, which is
actually a stop-check valve rather than a true
check valve. Stoﬁ-‘check valves are used in many
1
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‘drain lines; ontthe discharge side of *many
Bumps; and as exhaust steam valves on auxiliary
machinery. . J )
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F_im 10-19. -Stop-check valves, J
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THROTTLE VALVES

A throttle valve is instdlled in the main’

steam line just ahead of the engine. It is

-operated by a handwheel and can be opened or

closed quickly for starting and stopping. These

/ﬁlves can also be set at any .in-between position

to regulate the speed of the engine. l{nlike check

valves, they are installed 30 that the steam .
&2 pressure tends to close rather than open them.

- The pressure in the main steam lines,of some

“installations is 600 psi. The disk of a throttle

valve 6 inches across has an area of about 28
square inches. Therefore, the force exerted on
the valve disk tending to keep it closed is 16,800
pounds (600 X 28). Throttle valves are designed
to equalize this force, so that they can be
opened easily.

A double-poppet throttle valve is two valves
in one. It has two ports and fwo disks attached

3\

Q

" RELIEF VALVES

to a single stem. Both valves oper%or close at the
same time whenever the handwheel is turned.
The ports and the disks are so designed that the
steamn tends to close one of the disk valves and
open the other. Figure 10-20 illustrates the
operating principle of a double-poppet throttle
valve. Q

The forces exerted on the disks of the |

double-poppet throttle valve resemble a
tug-of-war. The steam pushes down on top of

. one disk and up on the bottom of the other

~disk. Like the rope in the tug-of-war game, the
stem keeps the disks in the same position,
relative to each other. , '

-~

*Relief valves are installed in the steam, -

water, air, and oil lines, and on various units of
machinery aboard ship. They open
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automutically when the pressure within the line
becomes (too high. Relief valves protect piping
much the same as fuses protect .clectrical
equipment and wiring in the home. There ar¢
many types of relief valves. Most relief valves
have cither a disk or a steel ball acting against a
coil spring.

The disk-type relief valve in figure 10-2] A
consists of a valve body, a valve disk, and a stem.
The steel spring pushes down .on the disk and
keeps the valve closed. The force of the spring is
generally adjusteqd by setting an adjusting nut on

S of the spring. The inlet side of the valve is
connected to the system to be protected. .

When the force on the bottom of the disk,
excrted by the pressure of the fluid in the line,
becomes greater than the compression of the
spring, the disk is pushed off the seat, opening.
the valve. The valve outlet may be opened té the
atmosphere in compressed air or steam lines.
When the valve is used to protect a pump, its
outlet is connected to the suction line leading to
the pump;.the excess fluid passes through the
relief valve, and back to the inlet side of the
pump.

The ball-type relief valve shown in figure
10-21B operates on the same principle as th
disk valve. The ball valve is generally used
lube oil lines. The operating pressure is regulated
by adjusting the threaded plug (not illustrated)
which holds the spring in

DOTTOx SURPACE
ARGA 20 3Q. IN,

: " 660 PSt
= ’ PREISURE
S
! , ToPluReace
, ARCA 10 8Q. 1N,

J 139.40
« Figure 10-20.—-Oporating principle of a
. doublo-poppot throttlo valve. .
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Figuro 10-21.—Roliof valvos.

REDUCING VALVES

The heating system and the galley operate
on low-pressure steam. The source aof steam for
these systems is the boilers, which are under
high pressures. Reducing valves are installed in
the steam lines to these systems, to reduce the
pressure. These valves will hold a constant
pressure in the delivery lines, even if the boiler
pr¢ssure varies over a wide range.

Most reducing valves depend on a balance
between the outlet or operating pressure and the
pressure of a spring or compressed air in a sealed
champber. Although some of these valves are
qui complicated, the principle on which they
pérate is easily understood. *

The simplified reducing valve in figure 10-22
has a main valve, a piston, and a spnng/Thc

HIGH LOW '
PRESSURE PRESSURE  SPRING
" |0 =D
{\g-gmw%mv 3 37,7?« G --
VALVE I PISTON
i
139.42

Flguro 10-22.~Tho oporating prlnclpm of a simplo
reducing valve.
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compression of the spring pushes the piston to
the left and opens the valve. When the steam is
turn. 4 on, it passes through the open valve and
builds up pressure in the outlet chamber.
Whenever the force exerted on the piston
becomes preater than the force exerted by the
spring, *“e¢ piston moves to the right and closes
the valw. -

During the operation, the outlet steam
pressure and spring force remain in balance with
the valve partly open. Any slight varation in
outlet pressure will upset this balance. The

- piston will move and increase or decrease the

size of the valve opening and restore the original
outlet pressure.

In some valves the spring is replaced by a
sealed chamber which contains compressed air.
The air pressure acts on a diaphragm instead of
on a piston. The valve can be set to maintain any
desired pressure by adjusting the air pressure in
the sealed chamber. Sometimes the diaphragm is
located between two chambers; one of them
opened to the inlet, and the other opened to the
outle! steam. The action of the diaphragm
operates a valve which in turn regulates the
steam pressure on a piston connected to the
main valve. In all reducing valves, the outlet
pressure controls the rate at which the inlet
steam is pen&ittcd to pass through the valve.

SAFETY VALVES

Each boiler is fitted with safety valves which
allow steam to escape from the boiler when the
pressurc rises above specified limits. The
capacity of the safety valves installed on a boiler
must be great enough to reduce the steam drum
pressure to a specified safe point when the boiler
is being operated at maximum firing rate with all
steam stop valves completely closed. Safety
valves are installed-on the steam drum and’at the
superheater outlet,

’

Several different typés of saféty valves are

used on naval boilers, but all are designed to,

or:n completely (POP)~ when a specified
pressure is reached and to remain open until a
specified pressure drop” (BLOWDOWN) has
occurred. Safety valves must close tightly

IToxt Provided by ERI »

wi,(hout chattering and must remain tightly
closed after seatjng.

It is important that you understand- the
difference between' boiler safety valves and
ordinary relief ‘valves. The amount of pressure
required to lift a relief valve increases as the
valve lifts, because the resistance of the spring
increases in proportion to the amount of
compression. Therefore, a relief valve opens
slightly at a specificd pressure, discharges a small
amount of fluid, and closes at a lower pressure
which is very close to the pressure that caused it
to open. "

Can you see why relicf valves will not do for
boilers? If the valves were set to lift at anything
close to boiler pressure, the valves would be
constantly opening and closing, pounding the
scats and disks and causing early failure of the
valves. Furthermore, relief valves will not rapidly
discharge ‘the large amount of steam that must
be discharged qgdickly to bring the boiler
pressurc down to a safe point. Relief valves
reseat very soon after they are opened. (Figure
10-23 shows a typical safety valve.)

v PIPING

Piping is used throughout the engineering
spaces. One.piping system carries fuel from the
service tanks to the furnace. A second piping
system supplies the boiler with feedwater. A
third piping system carries steam from the boiler
to the cngines and other points where it is
needed. Still other systems are used aboard ship
to carry salt water, fresh water, gasoline,
compressed air, and certain gases, The nature of
the substances carried in the pipes, as well as the
nature of the services performed, makes it
necessary to use a variety of materials, sizes, and

designs of piping and attached fittings.

PIPING DEFINITIONS

In routine operations aboard ship, there is
frequent misuse of the terms pipe, tubing, and
piping by strtkers and inexperienced naval
personnel. As a step toward correcting the

misuse of these three terms, the following-

definitions are offered.

t
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Figuro 10-23.—-Steam drum safety valve (nozzle reaction type).

1. A PIPE is made of mefal such as cast extra strong. The outside diameter (OD) is the.
iron, wrought iron, steel, copper, or brasa The same for each of the three wall thicknesses pf*
size of a pipe is designated by its nominal inside any pipe with a given IPS dimension, whilg,lﬁ
diameter (ID) in accordance with standard iron Ractual ID of these three pipes will differ. If the
pipe size (IPS), expressed in inches or fractions ID measures more than 12 inches, the pipe is- -
of an inch from 1/8 inch to 12 inches, Pipe is designated by its OD. '
designated in three grades or weights of wall For example, a l-inch standard pipe will
thickness as standard, extra strong, or double have an ID slightly over 1 inchy~while l-inch
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extra strong and l-inch double extra strong
pipes will have lesser ID’s because of their
greater wall  thicknesses, An identical

permits standardization in pipe dies and taps.

2. TUBING, unlike pipe, is designated for
size by its nominal OD dimension; specified for

0)))

wall thickness in decimals of an inch; and joined
by such methods as flanging, welding, soldering,

or brazing. Because it has thinner walls, tubing is

much more flexible than the thicker-walled pipe.

Refrigeration piping systems are examples' of
shipboard use of tubing. .

3. PIPING is an assembly of pipes or
 tubing, and fittings, forming a whole or

composite part of a system designed to transfer

fluids (water, steam,gas, and oil)."

-2

PIPING MATERIALS

Most of the piping systems aboard ship are
made of steel, copper, brass, or a copper-nickel
alloy. Steel is used for the steam and fuel oil
lines. Copper tubing may be used for piping that
carries fresh water, lube oil, and other materials.
Nickel-alloy tubing has exceptional resistance to
corrosion, and is used when resistance to
corrosion is an important consideration, such as
in salt water and fresh water lines.

You will often hear the term “alloy” used in
connection with various kinds of metals. A
metal is said to be an alloy avhen it contains
other metals in addition to the/grincipal one.

A chrome-nickel-steel alloy is made by

adding chtemium and nickel to the molten steel

while it is being manufactured. A common

stainless steel used aboard ship, which is a steel
- alloy, contains chromium and njckel. The alloys
+ of steel, aluminum, and copper are widely used

throughout the Navy. )

.The piping materials must be carefully
selected from specified standards approved by
* NAVSHIPS; not according to appearance. For
example, the 7-inch steel tubing employed for
transferring 400 psi, 650°F steam may look the
same to you as the 7-inch steel tubing employed

QO
Q
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for transferring 600 psi, 850°F steam. The
material of the first may be carbon steel;
whereas . that of the second MUST be
molybdenum " alloy steel, capable of resisting
high temperature and pressure.

PIPE FITTINGS

A piping system can be made up by joining
individual lengths of pipe with unions,

couplings, elbows, or other threaded fittings. -

Piping systems may also be made up by bolted

flanges, weldings, solderings, or - by flared .

couplings. .

The_water pipes in a home and some of the
low-préssure pipes abeard ship are fastened
together~ by THREADED fittings. Standard
_thread%g.pipe fittings are shown in figure 10-24.

=
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Figure 10-24.—Standard thre‘gded pip fittings.
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139.43

Figuro 10-25.~Gasket Insertion. ,

In high-pressure steam lines the lengths of
steel pipe are welded together into sections. A
flange is welded to. the ends of the sections. A
suitable gasket is inserted between flanges, and
they are drawn tightly together bystud bolts
which pass through the holes in the outer edges
of the connection. (See fig. 10-25.) Tubing is

usually connected by flared couplings (fig. -

10-26) or by soldering.

¢

GASKETS AND PACKING

When leakage occurs in a piping system, it
usually, occurs at one of the joints. Many
methods and materials are used to keep joints
from leaking. Flanged joints in piping systems
are made up with gaskets to make a tight seal
and thus to prevent leakage. (When the coupling
is tightened, the gasket is compressed and seals
the joints.) Figure 10-27 illustrates various types
of gaskets. Connections in which there are
sliding or rotating parts require packmg material
to seal the joints.

Figure 10-28 illustrates several kinds of
packing. It is important that the proper gasket
or packing material be used in each application.
NavShips Technical Manual, chapter 9950, and

137

other NgvSeas publications contain information .

_on gaskets and packings. Aboard ship, tables

which show the types of gasket and packing
materials approved for various services are
posted-in the engineering spaces.

Materials used for gaskets include pressed
cork, asbestos, soft iron, Monel, metallic cloth,
and hard fiber sheets. The type of gasket to be
used depends on the pressures and temperatures
to-which it will be subjected and in some casgs,
on the nature of the fluid being carried in the
piping system. A

Packing is used to seal the mea around valve
stems, revolving shafts, and sliding shafts, These
units are designed with a space, known as a
stuffing box, which surrounds the shaft or stem.
When the packing has been placed in the stuffing
box, it is compressed by tightening a gland or
nut which screws up against it. Such an
arrangement can be seen if you take an ordinary
water faucet apart. The packing serves to keep
the water from flowing up around the valve
stem.

Packing materials in common use include
woven asbestos and rubber; antifriction metal
woven with cotton thread and graphite; spun
yarn; and soft metal, - flax, and' rayon
combinations. The- type of packing to be used
depends on the service requirements.

STRAINERS

Strainers (fig. 10-29) are installed in almost
all piping~l;ye‘s to prevent the passage of foreign

11.310
Figure 10-26.~Teo for flared tubing.
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Figure 10-27.—Fixed joint gaskets: A. Sheet asbestos gaskets. B. Plain-faced metal gaskets.
C. Serrated-faced metal gaskets. D. Spiral-wound, metal asbestos gaskets.
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CDILS

HIGH PRESSURE RDD GRAPHITE-
LUBRICATED ASBESTDS

RUBBER - CDRED, DUCK - WRAPPED,
GRAPHITE LUBRICATED

MOLDED

ASBESTDS, ALUMINUM,GRAPHITE AND
NEDPRENE CDMPDUNDS -

EXPANSIDN JDINT PACKINGS

WIRE- INSERTED ASBESTDS WIRE - INSERTED BRAIDED ASBESTDS,
GRAPHITE- LUBRICATED

=

. o Figure 10-28\.—Type of packing.
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matter which might cause damage to machinery.
For example. wire mesh basket strainers are
installed on the suction side of many pumps;
steam strainers (fig. 1 0-29C) are installed in main
and auxiliary steam lines (just ahead of most
auxiliary turbines); and duplex strainers (fig.
10-29B) are fitted into most lubricating oil and
fuel lines so that one strainer may be removed
and cleaned without disturbing the flow of oil.
A bilge suction strainer is shown in figure
10-29A. As yqul,sce. the basket strainer keeps
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Figure 10-29.—Strainers.

foreign matter from going to the bilge pump
suction,

4

STEAM TRAPS
AND DRAINS

Steam traps are installed in steam lines to
remove condensate. Some steam traps are
suitable for high pressure use, others for low
pressure use. In g@neral, a steam trap consists of
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Figure 10-30.~A mechanical steam trap.
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a valve and some device or arrangement which
will cause the valve to open or close, when
necessary, to drain the condensate from the line
without allowing the escape of steam. Steam
traps are installed at the low point of a system®
or below a machinery unit that has™to be
drained. Drains are used to remove condensate
while steam lines and steam-driven machinery
are being warmed up. A drain usually consists of
a section of piping and one or rhore valves.

_There are several types of steam traps in use

on naval ships: mechanical (fig. 10-30),
thermostatic (fig. 10-31), and impulse (fig.
10-32). :

You will find additional information on
steam traps in chapter 9480 of NavShips
Technical Manual.
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Figure 10-31.—Thermostatic steam trap.
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Figure 10-32.—Impulse steam trap.
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CHAPTER 11

Much auxiliary machinery and equipment
aboard modern naval ships is run b Ctrigity.
Regardless of rate or rating, all personnel
assigned to a ship will operate some electric
device in, performance ‘of his duties.
Fireman, you will probably use or operate
portable lights, electric drills and grinders,
electric heaters, ventilatlon blowers and fans,
electric-driven pumps, and other electrical

" equipment. Therefore, you should know and
observe all applicable safety precautions when
workifig with or around electncal appliances and
equipment.

We will not discuss the theones of basic
electricity in detail in this chapter. However, we
will familiarize you with.the different electrical
equipment aboard ship and with what the
equipment is designed to do. ~

You will find additional information on the
basic principles of electricity in the Navy
training manual Basic Electrtcrtv NAVEDTRA
10086-B.

INTRODUCTION TO
. " ELECTRICITY

Various techniques and equipment which
apply principles of electricity require that you
have some degree of theoretical knowledge, as
well as practical experience and skill, to operate
them safely. r

Electric . cables carry the electric energy
produced by the generators to the electric
motors where it is expended in performing
work.

All materials will conduct electricity, but
some of them offer more resistance than others.
Metals such as silver, copper, aluminum, and

EKC -
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irpn, offer little res1stance and are called
CONDUCTORS.

In "contrast to gopd conductors, some
substances, such as wood, paper, porcelain;
rubber, mica, and plastics offer a high resistance
to "an electric current and are known as
INSULATORS. Electric circuits throughout the
ship "are made up of copper wires covered with
rubber or 3qme other insulator. The wire offers
little resistance to the current, while the
insulation keeps the current from passing to the
steel structure of the ship.

Definite units have been established to
measure electrical properties of conductors and
characteristics of  electric currents. A brief
review of these fundamentals of electricity is
given in the sections which follow.

ELECTRIC CURRENT ‘

Current .ig the rate at wh1ch electnmty flows
through a gond " gi cti
unit, called the ERE (I) specifies the rate at
which the electric furrent is flowing. AMPERE
is a mefsure of th intensity or the number of
electrons passing a point in ag circuit each
second. The flow of current can be compared to"
the flow of water through a pipe.

\

ELECTROMOTIVE FORCE

Before an electric current can flow through a
wire, there must be a source of- electric
“pressure” just as there must be a pump to build
up water pressure before the water will flow
through a pipe. This electric pressure is known
as ELECTROMOTIVE FORCE (emf) or voltage
(E); the.source may be a GENERATOR or a

BA RY . .
TTE -y .
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If you increase the pressure on the electrons
in the conductor, a greater current will flow, just
as an increased pressure on water in a\pjpe will
increase the flow.

RESISTANCE

Electrical resistance (R) is that quality of an
electric circuit that opposes the flow of current

through it. The unit of resistance is known as -

the OHM.

¢
<

WATT . . o

" Power (P) is the rate of doing work. In a
direct-current (d-c) circuit, power is equal to the
product of the current times the voltage, or
P = E X I. The practical unit of power is the
WATT, or KILOWATT (watts + 1000).

GENERATOR TYPES
AND DRIVES

The generator is the heart of the ship’s
electrical system. A large amount of electricity is
required aboard - any ship for
provision of air, water, and food.
Communications between the various parts of a
. ship depend largely upon the availability of
electric power to operate the ship’s announcing
" system, radio, radar, and lighting systems, as
well as the training and firing of guns. .

Since a generator runs at greatest efficiency
when generating or producing its full-rated
power output; it is not practicable to have one
large generator running constantly at part load.
Therefore, two or more small generdtors are

type ship. . -

~

the proper .

installed ‘aboard ship, depending on the speciﬁz

Another reason for installing two or -mor
sgenerators aboard ship is to ensure that, in the
event of damage to a generator, there will be
nough power and lights available until the
efective generator has been gepaired. In
addition, generators-ade installed throughout the-
engineering spaces of a sh\p so that the electricgl
plant cannot be destroyed\y ong or,two enemy
shells or bomb hits.

&

?
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and

" Alternating .current (a-c) is used aboard the"

Navy’s combatant ships. The advantages of a-<c

installations over d- are lower cost, smaller

units, and less maintenance.

& _ ,
D-C GENERATORS :
AND EXCITERS . >

. A d-c generator is a rotdting machine which
changes mechanical energy fo electsical energy.
The essential parts of a d- generator are the
yoke and field. windings which are stationary,
and the armature which rotates. In a<
generators, called alternators, the field rotates
the armature is stationary. To avoid
confusion, the rotating fmembers of d-c.
generators are called ARMATURES, and in a<
generators they are called ROTORS.

There is no difference between d-
generators and exciters. The exciter is a' dc
generator which supplies direct current for an
a-c generator. In the pas§, d- ship’s service
generators were used z;t%o%d ship. At present,
practically all ships hav 0-volt (60-hertz) a-¢
ship’s service and emergency generators. The d
generators used in Navy ingtallatjons for ship’s
service, or for exciters, operate ateeither 120
volts or 240 volts. The amount of power output
depends on the size a esign of the d-
generator.

s\ typical d< ge;lératorgs i{lustrated i}f igure
is supported on{ ball

11-1. 'The " armature
bearings. The field coil windings creat¢ a
magnetic. field through which the armature

windings are rotated to induce a voltage in the

armature windings. The current, dtivén by the
induced voltage, -is circulated through ,the
commutator (on the armature shaft) and carried
by the brushes (which ride on the commutator)
to the external circuit. Part of the armature
@ifrent,is forced through the field winding to
increase and mainfain ‘the -magnetic field
strength. ‘

A-C GENERATORS .

- The general constructign of a-c generators is
somewhat simpler than that of d-c generators.
The heavy current on a d-c generator has to pass
through the commutator and b‘rushes. -An a-c

[4
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Figure 11.1,—A d-c generator.

. o 139.43.0X
Figure 11-2.—Low-speed engine-driven alternator.
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: . menerator does not have a commutator. The
FIELD POLE ~-

eavy current on an a-C. generator is tagken from
the- stationary part or stator windings. An a-
generator has two slip rings which carry a
relatively small direct current that is supplied by
the exciter to the d-c winding of the rotor.

An a-c generator, like a d-< generator, has
magnetic fields and an armature. In a small a<
generator the armature revolves, the field is
stationary, and no commutator is requiréd. In a
large a-c generator the figld revolves and the
grmature is wound on the stationary member, or
stator.

B RS
The principal advantages of the
revolving-field generators over the

* revolving-armature generators are that: '

I. The load current from the stator is
connected directly to the external circuit

C@lgat using a commutator.
, 2. Only two slip rings are necessary to

145
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supply excitation to the revolving field.

3. The stator winding is not subjected to
mechanical stresses that are due to centriftizal

_force.

‘Fhe a-c generators, or alternators, used by
the Navy are divided into two classes: (1)
low-speed, engine-driven alternators, and (2)
high-speed, turbine-driven alternators.

The high-speed alternator may be either
steam- or gas-turbine driven. '

The low-speed, engine-driven alternator (fig.
11-2) has a large ‘diameter revolving field, with
many poles, and a stationary armature.” The
stator (fig. I1-2A) contains the armature
windings. The rotor (fig. 11-2B). consists of

salient, or protruding, poles on which are
mounted the d-c field windings. -

The high-speed, turbine-driv alternator
(fig. 11-3) is connected either ditectly or

through gears to a steam turbine. The/enclosed

metal structure is part of a forced Ventilation

system that carries away the heat by circulation

of air through the stator (fig. 11-3A) and rotor

(fig. 11-3B). -
k!
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" SHIP'S SERVICE ’
TURBINE-DRIVEN GENERATORS

Ship’s service genc‘tors are so named
because they furnish electricity for the service of

the ship. Aboard most steam-driven ships of the

Navy, these generators are driven by turbines.
Large ships may have as many as six or eight
ship’s service generators and from one to three
emergency diesel-driven alternators.

New construction destroyers have four

- that they usual

illustrated in figure 11-4. Although generator
sets (turbogenerators) may be built differently,:
all have the sime arrangement of major parts.

Turbines used for driving the ship’s service
generators diffg{from other auxiliary turbines in
y operate on superheated steam.

" These turbines are usually of the axial-flow,

turbine-driven ship’s service generators (two in:

the forward engineroom and two in the after
engineroom), and two smaller diesel-driven
emergency generators, one forward and one aft.

The type of ship’s~ service
commonly used aboard ships in the Navy is

‘B ROTOR'

—_

generator

%

-139.44X 4

Figurc 11-3.—High-spead turblne-driven altornator.
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multistage, geared type. The turbine exhausts to
a separate auxiliary condenser which has its own
circuldting pumps, condensate pumps, and air
ejectors, Cooling water for the condenser s
provided by the auxiliary circulating pump

through separate injection and overboard valves. .

" Superheated steam. is supplied to the ship’s
service generator turbine from either the main
steam line or a special turbogenerator line which
leads directly from the boiler. Aboard some
ships, the turbine may—in the event of
condenser casualty—be discharged directly to
the atmospgere or to the main condenser when
the main plant is in operation.

Because the ship’s service generator must
supply electricity at a constant voltage and
frequency (hertz), the turbine must run at a
constant speed even though the load will vary
greatly. Constant speed is maintained by a

speed-regulating governor. This turbine also has -

an overspeed trip,, which closes the throttle if
the” turbine overspeeds or if the speed-regulating
governor fails to function; a back-pressure trip,

which closes the throttle if excessive exhaust -

pressure is built up; and a manual trip which
may be used to close the throttle quickly if
there is damage to the turbine or to the
generator. The shaft glands of the shipls service
generator turbine are suppliedwith gland-sealing
steam; the system is similar to that pised for
main propulsion turbines. Other
turbifes in naval use are seldom,¢
provided with gland-sealing systems.

if ever,

o |

DIESEL-DRIVEN GENERATORS

Practically all Navy ships are equipped with
diesel-driven ‘emergency generators.  Diesel
engines, rather than turbines and reduction
gears, are most suitable for this application
because of their quick starting ability”
Emergency generators furnish power directly to
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Figuro 11-4.—~789-kW Turbinc-Genarator Sot.
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the radio, radar, gunnery, and vital machinery
eqmpment through an emergency switchboard
and automatic bus transfer equipment,

The typical shipboard plant consists of two
diesel emergency generators, one r{gv‘ﬂrd and
one aft, in spaces outside the engfnerooms and
fircrooms. Each emergency generator has its
individual switchboard and switching
arrangement for control of the generator and for
distribution of power to certain vital auxiliaries
and a minimum number of lighting fixtures in
vital spaces.

The capacity of the emergency unit varies

~with thé size of the ship on which the unit is
installed. Regardless of the size of the

[KC
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installation, the principle_of operation is the
same. ,

Detailed information concerning the
operation of diesel-driven generators can be
obtained from appropriate manufacturers’
technical manuals.

SWITCHBOARDS
1 3
, Switchboards consist of panels for ounting
the various measuring instruments, ndicating
devices, and protective and regulating apparatus
required to control the operation of the
generators and the distribution of electric
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gower A distribution switchboard is provided

er each generator or group of generators.

r

Most Navy ships have from two to four

&hip's service generator switchboards; small

ships, such as destroyers, have two switchboards,

whereas large ships may have as many as four to

eight switchboards. In many cases two or more
generators can feed one switchboard.

Most switchboards have the cquipment
grouped to formi o number of units. Bach unit is
c¢omplete. Bus bars.are used to tie each unit
together to form a switchboard. There are
generator, bus tie, power distribution, and
lighting distribution unjts. Each of these
complete units has a separate front panel on the
switchboard. Newer ships _jhave transformers
throughout the’ ship with lighting distribution
panels instcad of lighting distributjon units. A
number of these units mounted on a common
base comprise a section. A switchboard may
consist of a single section or-of several sections,
each complete in itself but connected by cables

“to form a switch-gear group. This arrangement
of sever

small sections lessens the danger of
shock, localizés damage from fire, and provides
for easy removal of damaged sections for repairs
or réplacement.

The two types of switchboard construction
are live front and dead front. The live front
switchboard is found only on very old ships
where low-voltage and d< distributionvsystcms
are used, and as interior ‘communications

- switchboards. The more ¢dmmon switchboard,

shown in figure 11-5, is used for all a-<

distribution systems. .

(NOTE: The terminals are accessible on the live
front type. In_the dead front switchboard, the
meters and operating handles are mounted.on
the: panels, and all lxve parts are located wnthm
the panels.)

GENERATOR . AND
DISTRIBUTION SWITCHBOARDS .

Ship’s service 450-volt, a-c switchboards are
all of the dead front type. These swtehk’rds
are built to prov1de efficxent and safe operatnon

L . "\
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of the eclectrical system. A typical power
distribution system in a destroyer consists of
fotir generators—two forward and two aft— and
two distribution switchboards, one with cach
two generators. All the necessary apparatus for
controlling each generator and for distributing
its power is incorporated in its associated
switchboard.

The forward ship’s service generators and

distribution switchboard are the control
switchboard. It is provided with instruments and
controls for the after pgencrators. These

instruments and controls are mecessary t
parallel the gené¢rators and equalize the load. An

automatic voltage regulator is mounted on each

switchboard to control the generator field
excitation and to maintain a constant a-<
generator voltage throughout the
changes in lo?d.

Two emergency diesel generator sets provide
electric power for limited lighting and for vital
auxiliaries in the event of failure of the ship’s
service power. One unit is located in the forward
emergency generator room and the other unit is
located in the after emergency generator room.
The forward emergency switchboard is normally
energized from the forward ship’s service
switchboard, and the after emergency
switchboard is energized from the after ship’s

. service switchboard during normal operation.

o

D-c power distribution systems are in use on
some older ships that have large deck machinery
loads. Thise systems, which consist of the ship’s
service gen€ and distributiongwitchboards,
are similar to the a-c systems. On new ships, d-c
power is prov1ded at the load with. rectifiers
when ‘reqjuired. .

" COMPONENTS.OF

148

A SWITCHBOARD. .

‘o
-

s

:

- Each switchboard includes one or more

units, a bus tie unit, a power distribution unit; -

lighting distribution units or transformers, and
lighting “distribution panels. Lafge circuit
breakers connect \ship’s service and emergency
generators to )hg power distribution system.

-~ Y

normal-

-
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They arc also used on bus ties and shore
connection circuits. In "accordance with the
electric load, smaller ciréuit breakers are also
installed on switchboards and on distribution
panels throughout the ship.

Circuit Breakers

Circuit breakers (fig. 11-6) equipped* with
individual automatic tripping devices are used to

isolate faulty circuits and to serve as overload
protection. These circuit breakers are a part of
the switchboard equipment. Circuit breakers,
rather than fuses, are used in circuits that
require large amounts of current. They can bb
operated for an indefinite period, and theip
action can be controlled with greater accuracy,

Overload circuit breakers open automatically
when the current (load) on the circuit exceeds
preset value for which the circuit breaker is set.

77.264

\ ‘ Figure 11-5.—Ship’s service switchgear group No 18 section 1SB.

-
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1. OPERATING HANDLE SHOWN 4. COVER SCREWD
IN LATCHED POSITION

2. AMPERE RATING MARKER

8. BREAKER NAMEPLATE

3. MOUNTING SCREWS 6. COTTER KEY HOLE

e 77.241 -

Figure 11-6.—Circuit breaker.

Circuit breakers used with shipboard equipment
are not susceptible to tripping under successive
heavy shocks, such as those caused by gunfire.
Circuit breakers are used on all rotating
electrical machinery and feeders to vital loads,
such as gunmounts and searchlights.

In addition to overload relays, reverse power
trip relays are provided on a-c generator circuit
breakers. These units are designed to open in the
event of a power reversal. The units are mounted
within the generator switchboard.

Voltage Regulators -

Voltage regulators; “installed on the
associated switchboards, are used for a-c ship’s
service and emergency generators. The voltage
regulator maintains the generator voltage withih

specified limits. The switchboard operator can -

Q

" steam pipes or mechanical shafts.

adjust (set) the voltage of the generator at any
value within nominal limits. When additional
loads are applied on the generator, there will bg
a tendency for the voltage to drop. The
automatic regulator keeps the voltage of the
generator constant at various loads.

Indicating ‘Meters

All-the important switchboards aboard ship
are provided with electrical meters of various
types. Electrical meters, somewhat like gagés
and thermometers, show the operator what is
taking place in the electrical machinery and
systems. Electrical meters are of two general
types: installed meters (on switchboards) and
portable meters. Some of the common meters
that are used on switchboards are voltmeters,

- ammeters, kilowatt meters, and frequency
meters.

ELECTRIC MOTORS

Electric motors are used aboard ship to
operate guns, winches, elevators, compressors,
pumps, ventilation systems, and egher auxiliary
machinery and equipment. There are many
reasons for using electric motors: they are safe,
convenient, easily controlled, and easily supplied
with power.

" A motor changes electrical energy, produced
by the generators, into mechanical energy. There
are important reasons for changing mechanical
energy to electrical energy and back again to
mechanical energy. One reason is that electric
cables can be led through decks and bulkheads
with less danger to watertight integrity than
Another
reason is that damage to a steam line can cause
steam to escape, resulting in personnel injury. If
an electric cable is used and a fault occurs, the*
circuit breaker protecting the cable opens
automatically.

.D-C AND A-C MOTORS

The a-c motor, smaller and requiring less
miintenance than the d-c motor, is extensively
“used by the Navy. The d-c motor, which is built

150
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like a d-c generator, is used mostly aboard
auxiliary ships and some small ships.

Most of the a-c motors used aboard ship are
3-phase, 60-hertz, 450-volt motors. Thd
induction motor is commonly used by the Navy.
Although most a-c motors have one speed, a
number of motors with two speeds, such as
those on ventilation systems, are installed
aboard ships.

MOTO}) CONTROLLERS

Con(rollihg devices are used to start, stop,
speed up, or slow down motors. In general, these

controllers are standard equipment aboard ship AN

and are either manual, semiautomatic, or
automatic.
resistant. In some installations the controllers
are operated by remote control, with the switch

at a convenient location.

These motor control devices (controllers,
master switches, and electric brakes) protect the
equipment to which they ~are ctonnected.
Controllers provide protective and governing

features for every type of shipboard auxiliary. -

To govern the controllers themselves, fhaster
switches of various types are installed. Electric
brakes are used to bring a load to rest, or to hold
it at rest, when electric power to the motor is
cut off. Aboard ship, electric brakes are used
primarily on hoisting and lowering equipment
such as cranes, winches, and windlasses. ‘

Most controllers function simply to start or
~to stop auxiliary machinery, but some
" controllers also provide for reversal of direction

or multispeed operation. Motor controllers,
sometimes called starters, have overload
protective devices to prevent burning out the
motor. Most controllers cut out automatically
when the electric power fails, and they have to
be restarted manually.

BATTERIES

Aboard ship, batteries are one of the sources
of electricity for emergency and portable power.
Dry cell batteries are used primarily for
flashlights, hand lanterns, and test equipment.

ERIC

IToxt Provided by ERI

They are dripproof and shock '
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Storage batteries are also used for emergency
equipment aboard ship, for ship’s boats, and
forklifts. The storage battery is used as a source
of electrical energy for emergency diesel
generators, gyrocompasses, and emergency
radio. '

» Since you may act as a boat engineer, you
should be familiar with safety precautions to bé
observed when you work around batteries.
Batteries must be protected from salt water,
which can mix with the electrolyte (acid
solution) and give off poisonous fumes. Salt
water in the electrolyte also sets up a chemical
reaction which will ruin the battery. If this ever
occurs, notify the electric shop immediately.,

" Storage batteries, wheh being charged, give
off a certain amount of hydrogen gas. Battery
compartments should be well ventilated to
discharge this gas to the atmosphere. Flames or
sparks of any kind, including lighted cigarettes,
should never be allowed in the vicinity of any
storage battery that is being charged. When the
battery is low or does not perform properly, the
boat engineer should notify the Electrician’s
Mate (EM) so that the faulty condition can be
corrected promptly,

PORTABLE EQUIPMENT )
f : :

Aboard any ship . there will be small
electric-powered equipment, such as portable
electric drills, hand lanterns, small ventilation
blowers, and handtools. SAFETY is wearing
rubber gloves and protective safety goggles when
you work with metal-cased portable electric
tools.

BATTLE LANTERNS N

Relay-operated hand lanterns (fig. 11-7A)
usually called battle lariterns, are powered by
dry cell batteries. Hand lanterns are provided to
give emergency light when the ship’s lighting
systems fail. These lanterns are placed in spaces
where continual illumination is necessary, such
as machinery spaces, control rooms, essential
watch stations, battle dressing stations, and
escape hatches. All auxiliary machinery with
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Figure 11-7.—Special lights,
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gage boards should be provideci with a battle
lantern to illuminate the gage board in the event

~ . of a casualty. The battle lantern should not be

~ removed from its mounting bracket except in an

light the lantern. .

emergency. DO NOT use it as a flashlight.

The relay control boxes for battle lanterns
are connected to the emergency lighting supply
circuit (or to the ship’s service lighting circuit) in
which the lantern is installed. If power in the
circuit fails, the relay opens and the batteries

Hand .(battle) lanterns are capable of
operating for approximately 10 continuous

~ hours (or the equivalent) before the light output

ceases to be useful.

Similar hand lanterns (fig. 11-7B) which are
NOT connnected to relays, are installed
throughout the ship to provide ill,imination in
stations which are manned occasionally. These
lanterns are manually operated. If used in an
emergency, the manually operated hand lanterns
should always bgy, RETURNED TO THEIR
ORIGINAL LOCATION.

 SEALED BEAM LIGHTS

Sealed beam lights (fig. 11-7C), a type of
flood lantern, are used to give high-intensity
illumination in damdage control or other
emergency repair work. These units consist of a
sealed beam light similar to that used for
automobiles. The sealed beam light, powered by
four small wet cell storage batteries, is mounted
in the battery case and fitted with a handle for
convenience in carrying. A sealed beam lamp
will operate for the equivalent of 3 continuous
hours before the battery requires recharging.

- When the battery is at full charge, the beam has

an intensity which is similar to that of the
headlight on an automobile. At the end of 3
hours the light. output will gradually drop to
about one-half its original brilliance. These
sealed beam lights are normally stored in the
damage control repair lockers.

PORTABLE EXTENSION LIGHTS

Portable extension lights are _widely used

aboard ship, especially in the engineering spaces.

Only approved extension lights are to be
used. Adequate lighting is necessary when

maintenance work is being done or when
machinery repairs are being made. . .
The portable extension light and cord should

rom cuts or damaged areas, The light and cord -

\E:: in good condition. The cord should‘be free

shQuld be free from moisture, oil, and grease.

Do not lay extension cards across decks dr
other places where they. may be damaged. If
possible, cords should be run overhead and tied
in place. Also, keep rubber cords away from hot

-steam piping as well as away from oil and paint.
Avoid running an extension cord through a
watertight hatch or door. :

An extension light should be returned
promptly to the tool issue room or electric shop
after the work for which it was used has been
finished. The light should be clean, dry, and in
good condition. Defective extension: lights
(including lights without guards) should be
brought immediately to the electric shop for
repairs.

PORTABLE TOOLS
Proper care and precautionary measures

should be taken in handling and working with
portable tools such as electric drills and grinders.

- Protective goggles must ALWAYS be worn when

!
|
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tools such as wire brushes and grinders are used.

There is an inherent danger when you work
with portable electric tools because of the
possibility of electric shock. Electrician’s Mates
are required to make weekly tests of all portable
electrical tools to ensure .that they are sdfe to
use. Portable tools in use on Navy ships are
provided with a grounded plug and a ground
wire connected to the metal part of the tool.
Grounded receptacles are installed throughout
the ship. The cords for portable electric tools
contain three conductors; the third conductor is
used to ground the portable tool to the ship.
These precautions dre taken to prevent
dangerous electric shock to operators of
portable tools.

SHIPBOARD ELECTRICAL SYSTEMS
AND- CONNECTIONS

As a Fireman, you should be familiar with
the power distribution systems, the lighting
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distribution systems, and shore power
connections which have been described briefly

in this manual. You will find greater detail on.

this and other shipboard electrical equipment in
chapter 9620, NavShips Technical Manual.

POWER DISTRIBUTION SYSTEMS

The power distribution system connects the
generators, which furnish electric power, to the
power-driven equipment installed throughout
the ship. From the generator switchboards, a
distribution system consisting of feeders, mains,
submains, load center panels, and distribution
boxes carries power to every part of the ship.
The most important auxiliaries are supplied with
normal, alternate, and emergency feeders,
through automatic bus transfer units, each with
a separate source of power. Casualty power
systems are installed aboard ship to provide
electrical connections whert both ship’s service
and emergency electrical systems are damaged.

LIGHTING DISTRIBUTION SYSTEMS

Lighting distribution systems are necessar);'

not only to light the ship but also to assist
personnel in controlling damage. Aboard
combatant ships two lighting systems are
installed: ship’s service lighting and emergency
lighting. The ship’s service lighting normally
supplies all lighting fixtures. Emergency lighting
circuits are supplied to vital machinery spacses,
the radio room, the combat information center,
and other vital spaces. The emergency lighting
system receives power from the ship’s service
generators but, if normal power is lost, the
emergency system is automatically cut in on the
emergency generators. Lighting distribution
systems are similar to power distribution
systems, except that they (1) are more
numerous, (2) have lower voltages (120V), and
(3) have smaller panels and cables.

Lighting distribution requires a variety of
panels and distribution boxes to connect their
loads with their power supplies. High-voltage
feeders from switchboards are stepped down
from 450V to approximately 120V by
transformers which are connected to
distribution panels. Circuits, emerging from
distribution panels are connected to feeder

154

160

distribution boxes. The feeder distribution box,
which is similar to the power distribution panel,
has only a few branch circuits. The distribution
boxes carry power directly to. the actual load
circuits,

SHORE POWER CONNECTIONS

Shore power connections are installed at or
near suitable weather deck locations to which
portable cables from the shore, or from a ship
alongside, can be connected. Power can be
supplied through these connections to the
switchboard when ship’s service generators are
not in operation.

ELECTRICAL SAFETY
PRECAUTIONS

There are certain safety precautions which
should be observed by those who work with or
around electrical appliances and equipment.

Following are some of the most common
electrical safety precautions which all shipboard
personnel are required to follow:

® Do not attempt to maintain or repair
electric equipment. Leave the electrical work to
the Electrician’s Mates and IC Electricians.

® Observe and follow all pertinent
instructions and electric warning signs aboard
ship.

L Obéerve all safety precautions regarding
portable electric lights and tools. (Rubber gloves
and goggles.)

® Remember that 120-volt electricity ‘is
very dangerous, especially aboard ship.

® Do not touch or operate an electrical
switch which has a warning tag attached to it.

® Do not behind electrical

switchboards.

go
® Do not touch live electric wires and
fittings.

® Do not remove steamtight globes from
lighting fixtures.
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® Do not remove battle lanterns from their
locations.
14
® Do not use manually operated hand
battle lanterns for unauthorized purposes. Each
person should have his own flashlight.

® Do not use electric cables to hoist or
support heavy weights, and do not use the
wireways for storage,

® Do not permit water into
electrical equipment.

to get

® Remember that a flame, spark, or lighted

cigarette can cause a disastrous battery
explosion,
® Remember that electrolyte from a

storage battery can cause severe burns and can
“damage equipment and clothing.

® When you repair equipment that is
driven by a motor, have an electrician
disconnect the circuit and tag it as out of
commission.

® Do not start or operate electric
equipment when flammable vapors are present..

® Take time to learn the electrical safety
precautions that are applicable to your assigned
duties and duty station, whether it be the
fireroom, engineroom, electric shop, or other
duty assignment. (A thorough understanding of
electrical safety precautions will help prevent
injury to yourself and damage to equipment
which you may be called upon to operate.

® If you are ever in doubt about the
operating condition of electrical equipment,
CALL AN ELECTRICIAN.
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CHAPTER 12

INTERNAL COMBUSTION ENGINES p

o~
Most of the auxiliary machinery and
equipment aboard large Navy ships utilize

electric motors as prime movérs. This chapter
~ dealsgprimarily with internal combustion engines

in which a mixture of air and fuel serves as the
working fluid. : :

Internal combustion engines are used
extenswely in the Navy, serving as propulsmn
units in a variety of ships and bbats. Also,

" internal combustion engmes are used as prime

energizing units, for auxiliary
machinery. In most shipboard installations,
internal combustion engines are of the
RECIPROCATING type. In, relatively recent
years, GAS TURBINE engines have also been
placed in Navy service as power units. The
discussion which follows will deal primarily with
reciprocating engines.

movers, or

RECIPROCATING ENGINES
The internal combustion engines (diesel and
gasoline engines) with which you will be
working are machines that convert-heat energy
into mechanical energy. Diesel and gasoline
engines are of the reciprocating type.

The general trend in Navy service is to install
diesel engines rather than gasoline engines,
unless special conditions favor the use of
gaéoljne engines. Small boats used in
conjunction with airplane facilities are
frequently powered with - gasoline engines

- hecause the available fuel supply is gasoline. In

‘'dition, gasoline engines (P-250 pump) are used
~me installations because of their small size
» . .ck of suitable diesel engines.

. TENITION PRINCIPLES
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The gasoline anQ diesel engines differ
principally in that tHe gasoline engine has a
carburetor and a spark ignition system. The fuel
and air for the SPARK IGNITION (GASOLINE)
ENGINE This

is mi in the carburetor.
mixture is drawn ifto the cylinders where it is
compressed and igni an electric spark.

The COMPRESSION IGNITION type engine
1s com only known as a DIESEL ENGINE The

cylinder The heat generated by compression
ignites the fueh hence, the term “cqmpression
ignition” is fised diesel engines.

OPERATING CYCLE -

-

All reciprocat\§§ engines have a definite

P

cycle of operation—htomize the fuel, get it into
the cylinders, ignitétand burn it, and dispose of
the gases of combustion. All reciprocating
internal combustion engines operate on either a

. 2-stroke or a 4-stroke cycle. A stroke is a single

up or down movement of the piston, or the
distance a piston moves between limits of travel,
Each piston executes two strokes for each
revolution of the crankshaft. The number of
piston strokes occurring during any one series of
operations (cycle) is limited to either two or
four, depending on the design of the engine.

In 4-STROKE CYCLE engines each piston
goes through four strokes and the crankshaft
makes two revolutiens _to=compete one cycle.
Each piston delivers power during one stroke in
four, or each piston b\makes one power stroke for
each two revolutions of the crankshaft.
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Figure 12-1.—The 4-stroke diesel cycle.

\
Let us take one cylinder of a diesel engine

and trace its operation through the four strokes
that make up a cycle. (See fig. 12-1.) The engine
arts shown in this figure include only a

cylinder, a crankshaft, a piston and connecting-?

rod, and the'intake and exhaust valves. To
simplify the diagrams (A through D), the
valve-operating mechanism and’ the fuel system
have been omitted. '

In part A of figure 12-1 the intake valve is
open and the exhaust valve is closed. The piston
is moving downward and drawing a charge of air
into the cylinder through the open valvé. This
portion of the cycle during which the piston is
moving downward is: called the INTAKE
- STROKE. ' ‘ :

When the crankshaft has rotated to the
position shown in B of figure 12-1, the piston
has moved upward, on the COMPRESSION
STROKE, almost to the top of the cylinder.
Both the intake and exhaust valves are closed

«
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during this stroke. The air which entered the
cylinder during the intake stroke is compressed
into the small space above the piston. The
volume of this air may be reduced to less than
I/16 of what it was at the beginning of the
stroke.

The high pressure, which results from this
great r€ductjon in- volume, 'raises the
temperature of the air-far above the ignition
point of the oil. When the piston nears the top
of the compression stroke, the charge of fuel is
forced into the cylinder through the injection
valve. The air which has been heated by
comprezﬁspion ignites the fuel. S x

During the POWER STROKE, indicated in C
of figure 12-1, the inlet and exhaust valves are
both closed. The increase in temperature
resulting from the burning fuel greatly increases
the pressure on top of the piston. This increased
pressure forces the piston downward and rotates
the crankshaft. This is the ‘only stroke in which
power is furnished to the crankshaft by the
piston.

During the EXHAUST STROKE, shown in
D of figure 12-1, the exhaust valve is open and
the intake valve remains clpsed. The piston
moves upward, forcing the bug*ned gases out of
the combustion chamber through the exhaust
valve. This stroke, which completes the cycle, is
followe% immediately by the intake stroke of
the next cycle, and the sequence of events
continués to repeat itself.

The 4-stroke cycle ‘gasoline engine operates
on the same mechanical, or operational, cycle as
the diesel engine. In the gasoline engine, the fuel
and air are mixed in the carburetor, and the
mixture is drawn into the cylinders through the
intake valve. The fuel-air mixture is ignited
near the top of the compression stroke by an,
electric spark which passes between the
terminals of the spark plug.

The principal difference in the cycles of
operation for diesel and gasoline engines involves -
the admission of fuel and air to the cylinder.
While this occurs as one event in the operating
cycle of a gasoline engine, it involves two events

- N
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in diesel engines. There are six main events
taking place in the diesel cycle of operation
(intake of air, compression 6f air, injection of
fuel, ignition and combustion of charge,
expansion of gases, and removal of bumed
gases), and five main events in the cycle of a
gasoline engine (fuel is not mjeqted in a gasoline
engine). ;
TWO-STROKE CYCLE diesel engines are
widely used by the Navy. The Nav?uses some
gasoline engines that operate on the 2-stroke
cycle; they are used principally to drive portable
pumps
Every second stroke of a 2-stroke cycle
engine is a power stroke. The strokes between
are compression strokes. The intake and exhaust
functions take place rapidly near the bottom of
“each power stroke. With this arrangement there
is one power stroke for each revolution of the
crankshaft, or twice as, many as in a 4-stroke
cycle engine, ' '

The steps in the.operation of a 2-stroke
cycle engine are shown in figure 12-2. The
cylinder shown has an exhaust valve but no
intake valve. (Other designs have both intake
and exhaust ports and include no valves.) The air

_ enters the combustion chamber through ports
(openings) in the cylinder wall; these ports are
uncovered by the piston as it nears the bottom
of each stroke.

In A of figure 12-2, the plston is moving
upward on the compression stroke. The exhaust
valve and the intake ports are closed, and the
piston is compressing the “air trapped in .the
combustion chamber. At the top of the stroke,
with the piston in the position shown in B of
figure 12-2, fuel is injected (sprayed) into the

_cylinder and then ignited by the hot compressed
air.

In C of figure 12-2\the piston is moving
downward on the power stroke. The exhaust
valve is still closed and, the increased pressure,
resulting from the burnifg fuel, forces the piston
downward and rotatées the crankshaft,

As the piston nears the bottom of the power
stroke, shown in D of figure 12-2, the exhaust
valve opens and the piston continues downward
to uncover the intake ports, Air delivered under
pressure by a blower or front the crankcase (in a
gasoline engine) is forced into the cylinder
through the intake ports, and the burned gases
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Figure 12-2.—The 2-stroke diesel cy

are carried out through the exhaust valve. This
scavenging operation takes place almost
instantly and corresponds to the intake and
exhaust strokes of the 4-stroke cycle.

You might expect a .2-stroke cycle engine to
develop twice as much power as a 4-stroke cycle
engine; however, it does not because a certain
percentage of the engine’s power is required to
drive the blower. Nevertheless, 2-stroke cycle
diesel engines give excellent service. Small
gasoline engines operating on the 2-stroke cycle
principle operate satisfactorily, but the larger
sizes are less popular.

DIESEL ENGINES
The diesel engines used in small boats look

very much like the gasoline engines used in an
automobile. Each cylinder has an injector to

-
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admit fuel to the cylinder at the proper time.
The injector may also serve as the higlppressure
pump. Some engines have a high pressure pump
with "a hydraulic head which resembles a
distributor, The lines carry the high Eressure fuel
to the injector in the same order the firing
order. On the gasoline e gine, the carburetor.
provides the proper mixtyte of gasoline and air
for the cylinder. In most bf the 2-cycle gasoline
‘engines in use by the Navy, the oil is mixed with’
the gas to provide tubncatlon for the beagi
aggspistons. Most boat engines ha gaa s
heat exchanger instead of th

radiator. Although dlfferent makes a
of diescls vary widely, they all have the same
essential parts.

POWER SYSTEM .

The main working parts of the engine
transmit power from the cylinders to the
driveshaft. These ,parts include the cylinders,
pistons, connecting rod, and the crankshaft. The
cylinders of most marine engines are contained
in a smgle block or crankcase of iron. Each
cylinder 'is lined with a special hardened steel

~
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Figire 12-3.—Piston and conri@ting rod parts.
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sleeve called a cylinder liner. The upper end of ’
the cylinder is covered by a cylinder head.

The pistons are connected to the crankshaft
by connecting rods, which transmit power from
the pistons to the .crankshaft and convert their
reciprocating motion to the rotary motion of
the efankshaft. The rods are joined to the
plsﬁg by piston pins (wrist pins) and are
cofinected to the crankshaft by connecting rod
bearings. (See fig. 12-3.) Rings on edch piston

ovide a seal between the pgiston-and the
cylinder wall. As the piston moves up and down,
rings press against the cylinder wall, thus
preventing the air or gases from passing down
ifto the crankcase or the oil in the crankcase
rom working up past the rings. In addition’ to
the pressure of ‘the rings, compression and
corgbustion pressure between the ring and

" piston push the rings agaxnst the cylinder wall,

The rotating force of the crankshafiteis used
to drive such items as reduction gears, propeller
shafts, generators, and pumps. During three of
the strokes of a 4-stroke cycle engine, the rotary
motion bf the crankshaft is movmg the pnston
up and down s

,PISTON PIN CAP

ngHING

o CONNECTING PISTON
o ROD BOLTS COMPRESSION
, ISTON RINGS
Y =2 CONNECTING ROD PIS
. PISTON PIN + PISTON PIN
~ BUSHING
o ;
. : ¢ ,
¢ - oIL CONTROL
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VALVE MEC%ISM

*  The valves are opened by the action of a
camshaft, driven by the crankshaft through a
train of gears, or a gear and chain-drive
mechanism. The camshaft extends the length of
the engine and carries one or more cams for each
cylinder. The shaft s cylindrical with
irregular-shaped cams. Each cam is circular on
one end and has a LOBE (NOSE) on the other
end which gives that end an egg-shaped
appearance as shown in figure 124B. The
circular part of the cam is called the cam flat or
base circle.

The camshaft gives an intermittent
reciprocating motion as ‘it rotates. A, cam
follower or roller, riding on the rotating cam, is
lifted eagh- time the lobe or cam nose comes
around.

The valve mechanism of a 2-stroke cycle
diesel engine is shown in the cutaway views that
appear in figure 124. This engine has two
exhaust valves which are opened at the same
time by -the action of a single cam. They make a
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Figure 12-4.=Cutaway of a cylinder head, showing the
: " valve-operating mechanism.
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-the burned gases to edeape. Since th

tight fit in the exhaust openings (ports) in the
cylinder head and are held in the closzd position
by the compression of the valve springs. The .
rocker arm and bridge transmit the reciprocating
motions of the cam roller-to the valves.

In figure 124A the cam roller is riding on
the base circle of the cam and the valves are
closed. As the camshaft rotates, the cam lobe or
nose rides under the roller and raises it to the
position shown in figure 12-4B. When the roller
is lifted, the arm rotates around the rocker shaft
and the opposite end of the arm is lowered. This
action pushes the bridge and valves down against
the pressure of the valve springs and opens the
valve passags. ‘

On some types of engines, the camshaft is
located near the crankshaft. In these designs the
action of the cam roller is transmitted to the
rocker arm by a push rod. In some engines, the
valves are inverted and are located in recesses at
the side of the cylinders. In this arrangement the
valve stems may ride directly on the cams, or
they may be separated by a short steel shaft and
roller called a tappet assembly.

The camshaft must be timed with the
crankshaft so that the lobes will open the valves
in each cylinder at the correct instant in the
operating cytta, In the 2-stroke cycle the
exhaust valves are opened for only a short time
near the bottom of the power stroke to germit
cle is
completed in one revolution, the camshaft
rotates at the same speed as the crankshaft.

Tohe 4-stroke cycle engine has an intake and

" an exhaust valve in every cylinder..Each valve is

operated by a separate cam. The intake valve is

" held open during the intake stroke, and the

160 °
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" AIR SYSTEM

exhaust valve is opened during the exhaust
stroke. Since two revolutions of the crankshaft
are necessary to complete a 4-stroke cycle, the -
camshaft of thes¢ engines turns only half as fast
as the crankshaff. .

- ¢

' %

— -

' ln‘tthe 4-stereqcyae engine, the air enters
the cylinders through. the iptake valve. As each

-
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piston ‘moves downward on the intake stroke,
the volume in the combustion chamber increases
and the pressure decreases. The normal

‘atmospheric pressure then forces the air into the

cylinder through the intake valve.

Since the 2-strol\‘e cycle engine does not go
through an intake stroke, a means must ba
provided to force air into the cylinders. The air
enters through intake ports, uncovered when the
piston approaches the bottom of the power
stroke. (Sce fig. 12-S.) Since the exhaust valveg
are open when the intake ports are being
uncovered, the incoming air forces the bumed
gases out through the exhaust valves and fills the
cylinder with a supply of fresh air.

On the compression stroke, the exhaust
valves are closed, the intake ports are covered,
and the air is trapped in the cylinder. The rising
piston compresses the air and raises its
temperaturc. By the time the piston reaches the
top of the stroke, the volume of the combustion
chamber has been greatly reduced. The relation
between the volume of the cylinder with the
piston at the bottom of its stroke and the
cylinder volume with the pis}m at the top of its

o™ e
. Figuro 12-8+A 2-stroko-cyclo angino cylindor with
tho piston at tho bottom of tho powor stroko.
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stroke is called the COMPRESSION RATIO.
Compressing the air to 1/16 of its original
volume would represent a compression ratio of
16 to 1. '

As the compression ratio is increased, the
temperature of the air in the cylinder increases.
Current gasoline engines operate at compression
ratios between 8 to 1 and 1l to 1, but
compression ratios of diesel engines range
botween 12 to | and 16 to 1. This means that on
the compression stroke of a diesel engine the air
is compressed to a range of 400 to 600 psi;
which results in a temperature rr}nging from
700° to 800°F. However, when the fuel is
injected into the cylinder and begins to, burn,
the pressure may increase to more than 1500 psi
and the temperature may rise as high as 1800°F.

FUEL SYSTEM

The fuel system of the diesel engine draws
fuel oil from the service tank and injects it into
the engine cylinders. Figure 12-6 shows the units
found in a typical fuel system of the unit
injector type. The fuel pump draws the fuel oil
from the tank through a primary filter and
delivers it under low pressure to the injector by
way of the secondary- filter. The injector,

., operated by a rocker arm, meters, pressurizes,

and atbmizes the fuel as it is injected into the
combustion chamber. The outlet line carries the
excess fuel oil from the injector back to the fuel
tank. In gome installations, a transfer pump is
installed between °“the tank and the primary
filter. In other installations, the injection pump
and injection nozzles are separate units instead
of a combined unit, as shown in figure 12-6.

A diesel engine will not operate efficiently

- unless clean fuel is delivered to the ipjector or

161

injection nozzles. As the fyel oil is pumped into
the fuel tanks, it is strained through a fine mesh
screen. The larger particles of the solids
suspended in the fuel are trapped in the primary
‘screen. The secondary filter separate$ the finer
particles of foreign matter wRich pass through
the primary filter screen. The final filtering takes'
place within the injector. Most filters have a-
drain plug for removing the water, sludge, and
‘other foreign matter. The filter should be
drairied once each day. g .

4
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Figuro 12-8.—Tha fuel supply system of o General

Motors portable diesol engino.

There are many methods of fuel injection.

and just as fhany types of injection pumps and
nozzles. The unit injector shown in figure 12-6
consists basically of a small cylinder and a
plunger, and extends through the cylinder head
to the combustion chamber. A cam, located on
the camshaft adjacent to the cam that operates
the exhaust valves, acts through a rocker arm

+ and depresses the plunger at the correct instant

in the operating cycle.

When the injector plunger is depressed, a
fine spray of fuel is discharged into the cylinder,
through small holes in the nozzle. The amount
of fuel injected on each stroke of small boat
engine fuel pumps is very small. The smooth
operation of the engine depends to a large

_extent on the accuracy with which the plungers

[Kc :

wll Toxt Provided by ERIC

7

" e

)
162

168

inject the same amount of fuel into” every
cylinder.

The amouiy of fuel injected into the
cylinders on each stroke is controlled by
rotating the plungers of a unit injector. The
throttle, which regulates the speed of the engine,
is connected to the injectors through a suitable
linkage. A change in the throttle setting rotates °
the plungers and varies the amount of fuel
injected into the cylinders on each stroke.

LUBRICATION SYSTEM

The lubrication system of an internal
combustion engine is very important. If the
lubricating system should fail, not only will the
engine stop but also many of the parts are likely
to be damaged beyond repair. Therefore, w/hen
lubrication failure occurs, the engine can seldom
be run again without a major overhaul.

The lubricating system delivers oil to the
moving parts of the engine to reduce friction
and to assist in keeping them cool. Most diesel
and gasoline engines are equipped with a
pressure lubricating system which delivers the
oil under pressure to the bearings and bushings
and also lubricates the gears and cylinder walls.
The oil usually reaches the bearings through
passages drilled in the framework of the engine.
The lubncatmg system of a typlcal diesel engine
is shown in figure 12-7. .

Many methgds of lubricating the individual
parts of; each fype of engine are in use in the
different engine models. Generally speaking, the
oil is fed from the main gallery through
individual passages to the main crankshaft
bearings and one end of the hollow camshaft.
All the other moving parts and bearings are
lubricated by oil drawn from these two sources.
The cylinder walls and the teeth of many of the
gears are lubricated by oil spray thrown off by
the rotating crankshaft. After the oil has served
its purpose, it drains back to the sump to be

. used again.

2**The oil pressure in the line leading from the
pump to the engme is indicated on a,
Bourdon-type pressure gage. A temperature gage
in the return line provides an indirect method
for indicating variations in the temperature ofx
the engine parts. Any abnormal drop in pressure

Jor rise in temperature should .be investigated at
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Figure 12-7.—Basic units and oil passages of a pressure feed lubrication system.

once. It s advisable to sccure the cnﬁnc until -

the trouble has been located and corrected.

All of the engine parts are lubricated with oil
delivered by the gear-type oil pump. This pump
takes suction through a screen from an oil pan
or sump. From the pump, the oil is forced
through the oil strainer and the oil cooler into
the main oil gallery. This gallery extends the
length of the engifie and serves as a passage and
reservoir from which the oil is fed to the main
bearings.

Constant oil pressure, throughout a wide
range of engine speeds, is maintained by the
pressure relief valve which allows the excess oil

E MC “
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to flow back into the sump. All of the oil from
the pump passes through the strainer, unless the
oil is cold and heavy, or it‘ the strainer (or oil
cooler) is clogged. In such cases, the by pass valve
is forced dpen and the oil flows directly to the

.engine. Part of the oil fed to the engine is

returned through the filter, which removes
flakes of metal, carbon particles, and other
impurities. o

COQLING SYSTEM

Diesel engines are cquipped with a
water-cooling system to carry away the excess
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heat produced in the engine cylinders. The water
is circulated thrdugh water jackets in the
cylinder walls and\passages that surround the
valves in the cylindey head. -

the engine and then

In other types, fresh
ugh the engine and then
through a heat exchanger. Sea water is circulated
through this exchanger and cools the fresh
water. An advantage of the fresh water system is
that it keeps the water passages cleaner and thus
provides better cooling and allows the engine to
operate at higher temperatures.

STARTING SYSTEMS

There are three types of starting systems
used in internal combustion engines—electric,
hydraulic, and pneumatic.

As & Fireman you will probably have more
cpntact with the electric starting system than
)J%u will with the other two types. Most, if not
all, lifeboats aboard ships use an electric starter
to start the engine. ©

_Depending on ship type, the emergency
generator, whether it be diesel or gas turbine, is
started by either an electric starter or penumatic
starter. Main propulsion diesels and gas turbines
are usually pneumatic starter systems (air start).

Electric starting systems use direct current
because electrical energy in this form can be
stored in batteries and drawn upon when
needed. The bat ’s electrical energy can be
restored by <charging the battery with an
engine-driven generator.

The main components of the electric starting
system are the storage battery, the starting
motor, the generator, and the associated control
and protective devices. The storage battery is
described in detail in Basic Electricity, NavPers
10086-B.

Electric Starting Motors
The starting motor for diesel and gasoline
engines operates on ’the same principle as a

164
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direct current electric motor. The motor is
designed to carry extremely heavy loads but,
because it draws a high current (300-665
amperes), it tends to overheat quickly. To avoid
overheating, NEVER allow the motor to run

‘more than 30 seconds at a time. Then allow it to

cool for 2 or 3 minutes before using it again.

To start a diesel, engine, you must turn it
over rapidly to obtain sufficient heat to ignite
the fuel. Thé starting motor is located near the
flywheel, and the drive gear on the starter is
arranged so that it can mesh with the teeth on
the flywheel when the starting switch is closed.
The drive mechanism must function to (1)
transmit - the turning power to the engine when
the starting motor runs, (2) disconnect the
starting motor from the engine immediately
after the engine has started, and (3) provide a
gear reduction ratio between the starting motor
and the engine. (The gear ratio between the
driven pinion and the flywheel is usually,about
15 to 1. This means that the starting motor shaft
rotates |5 times as fast as the engine, orat 1,500
rpm, to turn the engine at a speed of 100 rpm.)

The drive mechanism must disengage the
pinion from the flywheel immediately after the
engine starts. After the engine starts, its speed
may increase rapidly to approximately 1,50
rpm. If the dkive pinion remained meshed wit
the flywheel and also locked with the shaft of
the starting motor at a normal engine speed
(1,500 rpm), the shaft would be spun at a rapid
rate—22,500 to 30,000 rpm. At such speeds, the
starting motor would be badly damaged.

Hydraulic Starting Systeins

There are several types of hydraulic starting
systems in use. In most installations, the system
consists of a hydraulic starting motor, a
piston-type accumulator, a manually-operated
hydraulic pump, an engine-driven hydraulic
pu and a reservoir for the hydraulic fluid.

Hydraulic pressure is obtained in the
accumulator by the manually-operated hand
pump or from the engine-driven pump when the
engine is operating.

When the starting lever is operated, the
control valve allows hydraulic oil (under
pressure) from the accumulator to pass through

*® )
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the hydraulic starting motor, thereby cranking
the engine. When the starting lever is released,
spring action disengages the starting pinion and
closes the control valve, stopping the flow of
hydraulic oil from the accumulator. The starter
is protected from the high speeds of the engine
by the action of an overrunning clutch,

The hydraulic starting system is used on
some smaller diesel engines. This system can be
applied to most engines now in service without
modification other than to the clutch and pinion
assembly, which must be changed when
converting from a left-hand to a right-hand
rotation, . /

Air Starting ' Systems

Most modern large diesel engines are started
by admitting compressed air into the engine
cylinders at a pressure capable of turning over
the engine. The process is continyed until the
pistons have built up sufficient compression heat
to cause combustion. The pressure used in air
starting systems ranges from 250 to 600 psi.

Some larger engines and several smaller
engines are provided with starting motors driven
by air. These motors are similar to those used to
drive such equipment as large pneumatic drills
and engine jacking motors. Air starting motors
are usually driven by air pressures ranging from
90 to 200 psi.

;, GASOLINE ENGINES

The main parts of the gasoline engine are
quite similar to those of the diesel engine. The
two engines differ principally in that the
gasoline engine has a carburetor and an electrical
ignition system.

The induction sysfem of /o gasoline engine
draws gasoline from the fiel tank and air from

- the atmosphere, mixes them, and delivers the
mixture to the cylfnders.\The induction system
consists of the fuel tanly, the fuel pump, the
carburetor, and the necessary fuel lines and air
passages. Flexible copper tubing carries the fuel
from the tank to the carburetor, while the
intake manifold carries the fuel-air mixture from
there to the individual cylinders. The fuel-air

mixture is igajt\e\z)y an electric spark.

EKC
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The CARBURETOR is a device used to send |
a fine spray of fuel into a moving stream of air |
as it moves to the intake valves of the cylinders.
The spray is swept along, vaporized, and mixed
(as a gas) with the moving air. The carburetor is
designed to maintain the same mixture ratio
over a wide range of engine speeds. The
MIXTURE RATIO is the number of pounds of
air mixed with each pound of gasoline vapor. A
RICH MIXTURE is one in which the percentage

‘of gasoline vapor is high, while a LEAN

MIXTURE contains a low percentage of gasoline
vapor.

The electrical system of the gasoline engine
has the same units as the diesel engine, plus the
ignition system. This system is designed to
deliver a spark in the combustion chamber of
each cylinder at a specific point in that
cylinder’s cycle of operation. A typical ignition
system includes a storage battery, an ignition
coil, breaker points, a condenser, a distributor, a
spark plug in each cylinder, a switch, and the
necessary wiring.

There are two distinct circuits in the ignition
system—the primary and the secondary. The
primary circuit carries a low-voltage current; the
secondary is a high-voltage circuit. The battery,
the ignition switch, the ignition coil, and the
breaker points are connected in the primary
circuit. The seconddry circuit, also connected to
the ignition coil, includes the distributor and the
spark plugs.

The STORAGE BATTERY is usually the 12-
and 24-volt type. One terminal is grounded to
the engine frame, while the other is connected
to the ignition system.

The IGNITION COIL is in many respects
similar to an electromagnet. It consists of an
iron core surrounded by the primary ‘and
secondary coils. The primary coil is made up of
a few turns of heavy wire, while the secondary
coil has a great many tiirns of fine wire. In both
coils, the wire is insulated, and the coils are
entirely separate from each other.

The BREAKER POINTS constitute a
mechanical switch .connected to the primary
circuit. They are opened by a cam which is

\\
|

timed to break the circuit at the exact instant at /

which each cylinder is due to fire. A condensgr i
is connected across the breaker points to prevent
arcing and to provide a better high-voltage spark. .

%
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The DISTRIBUTOR, connected to the
secondary or high-voltage circuit, serves as a
selector switch which channels electric current
to the individual cylinders. Although the breaker
points are connected in the primary circuit, they
are often located in the distributor case. The
same drive shaft operates both the breaker
points and the distributor.

«s The SPARK PERGS, which extend into the
combustion chambers of the cylinders, are

. connected by heavy insulated wires to the

distributor. A spark plug consists essentially of a
metal shell that screws into the spark plug hole
in the cylindér, a center electrode embedded in a
porcelain cylinder, and a side electrode
The side electrode is
adjusted so that the space between it and the
center electrode is approximately 0.025 inch.
When the plug fires, an electric spark jumps
across the gap between the electrodes. )

When the engine is running, the electric
current in the primary circuit flows from the
battery through the switch, the primary winding
in the ignition coil, the breaker points, and then

back” to the battery. The high voltage is .

produced in the secondary winding in the
ignition coil and flows through the distributor to
the individual spark plugs and back to the
ignition coil through the engine frame. It is
interesting to note-that the high voltage, which
m&s the gap in the spark plugs, does not come
the battery but is produced in the ignition

conl

The ignition coil and the condenser are the
only parts of the ignition system which requiré

an explanation. The soft iron core and the

primary winding function as an“ electromagnet
%‘lre current flowing through the primary
winding magnetizes the core. This same core and
the  secondary winding function as a

transformer. Variations in the primary current:

change the magnetism of the core which, in
turn, produces high voltage in the secondary
‘winding.

With the engine running and the breaker
points. closed, a low-voltage current flows
through the primary circuit. When the breaker
points open, this current is interrupted; this
produces a high voltage in the secondary circuit.

"k
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The electricity that would otherwise arc across
the breaker points.as they .are separating, now
flows into the condenser.

The principal purpose of the condenser is to
protect the breaker points from being burned.
The condenser also aids in‘obtaining a hotter
spark

The startlng system of the gasoline engine is
basically the same as that of the diesel engine.
The generator keeps the battery charged and-
provides the current to operate the lights and
other electrical equipment. The starter motor
draws current from ‘the battery and rotates the
flywheel and crankshaft for starting.

The electrical system usually requires about
90 percent of the routine maintenance
performed on gasoline engines. You should keep
the eonnections tightened and the battery
terminals covered with a light coating of
petrolatum. Unsatisfactory operation can
usually be traced to either dirty fuel or fouled
spark plugs. If the fuel is strained before it is put
in the tank, and if the tank is filled each time
the engine is secured, most of the fuel
difficulties will be eliminated. A fouled plug can
be removed and cleaned by wrre brushing or
sand blasting.

You will find detailed information on spark
ignition systems in Engineman 3 & 2, NavPers
10541-B.

GAS TURBINE ENGINES

Until recently, the application of the gas
turbine engine to marine use in the Navy has
been experimental. Experiments have proved
that the gas turbine engine can be used to power
short-range ships, landing craft, high-speed eraft
such as PT and air-sea rescue boats, emergency
generators, and portable firefighting equipment.
The MSB-5 class minesweepers ‘were the first
U.S. naval ships to use gas turbine engines on an
operational basis. Gas turbine installations
aboard the MSB-5 class minesweepers supply
power for the generators.

In the past few years several classes of ships
have been built, or are under construction,
which are totally gas turbine. These ships are of
the size of the light cruiser and large DLG class
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ships. Several other types of ships which are gas
turbine-powered are at various stages of
development. )

As service experience has been gained, the
number of gas turbines in use has increased. The
following discussion deals with a comparison of
gas turbines and reciprocating engines, the
advantages and disadvantages of the gas turbine
engines and their principal parts, or components.

COMPARISON OF
GAS TURBINES AND
RECIPROCATING ENGINES

The gas turbine is similar to reciprocgting
engines in that air is compressed, a fuel-air
mixture is burned, and the gases of combustion
are expanded to produce useful power. Engines
of the reciprocating type use one
component—the cylinder—for compression,
combustion, and expansion. Since all three
phases take place avithin one component, the
power impulse must occur intermittently or
periodically, as the cycle is repeated. This is not
true in gas turbine engines; instead, compression,
combustion, and expansion take place in three
separate components. Air is compressed in one
component, combustion takes place in an
adjacent bumner, and a turbine (or turbines)
receives the energy generated by combustion. As
does the piston in a reciprocating engine, the
turbine transmits the energy of the gases to a
shaft which drives a useful load. The three basic
components of the gas turbine engine are so
arranged and connected that the pdwer output
from the turbine is steady and continuous. In
brief, the gas turbine engine can be defined as an

internal combustion engine that produces power

by a continuous and self-sustaining process. An
air mass is.compressed and then combined with
atomized fuel. The resulting mixture is then
ignited and burns. The combustion gas expands
through one or more turbines whicH) change
some of the energy into useful power.

ADVANTAGES AND
DISADVANTAGES OF
GAS TURBINE ENGINES

In additiord to the development of a uniform
flow of power output, gas turbine engines have

Q
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several advantages over reciprocating engines.
However, there are certain undesirable f:}ftlures
of gas turbine engines. Not all of the desirable or
undesirable features of gas turbine engines are
discussed here, but some of the more important
ones are pointed out. The advantages and
disadvantages of the gas turbine engine cannot
be listed in order of importance, because the
requirements of the engine as a source of power
differ in various applications.

Compared with other types of internal
combustion engines, the gas turbine engine
weighs less, takes up less space, and is normally
of simpler design with a smaller _.number of
moving parts. The gas turbine engine develops
more power per unit of weight and unit of
volume than other engines.

Gas turbine engines start quickly and
accelerate rapidly. Some models can develop full
power from a cold start in less than one-tenth
the time required for a diesel engine in a
comparable application. The gas turbine adjusts
to varying loads more rapidly than other type
engines.

The number of personnel required to-
operate and maintain a gas turbine engine, and
the time required for the training of such
personn2! zre much less than for engines of
other types. Only one man is needed to start and
operate some gas turbiné engines. The simplicity
of the operating controls and the automatic
safety devices used reduce the time required for
training operators.

Compared to a diesel engine, the gas turbine
has far fewer components and produces much
less vibration at full power. The gas turbine
engine has a significant advantage over the
gasoline engine in the fuel used. The fuel used in
gas turbines presents much less fire hazard than
the highly volatile fuel used in gasoline engines.

Even though the gas turbine engine has some
advantages over other types of internal
combustion engines, it also has sonie
disadvantages, such as a higher rate of fuel
consumption and larger componenls require
for air inlet and exhaust.
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COMPONENTS OF
GAS TURBINE ENGINES

The gas turbine engine uses processes jn its
operation which~are. siritilar to those employed
in other types ofAnternal combustion engines.
The engine components and the terms used to
identify them are considerably different from
the parts and terms which are common to the
diesel and gasoline engines. Although gas turbine
engines vary in design and Navy installations
include engines of other manufacturers, much of

~the discusgion in the following section is
applicable to all gas turbine engines.

The components of a gas turbine engine may
be grouped as (1) parts of the basic engine, (2)
engine accessories, and (3) engine systems (fig.
12-8).

Parts of the
Basic Engine

The forward (compressor end) section of the
engine, where a stream of hot expandable gases
is created as a result of continuous compression
and combustion, is called the gas producing
section. This section consists principally of the

COMBUSTION

compressor, combustion chamber (burners), and
turbine wheel(s).

The COMPRESSOR is that part of the
engine which draws in air and compresses it by
centrifugal force (that force which tends to
move something outward from a center of
rotation). The compressor consists of a rotating
impeller enclosed by a case. The BURNER is
that part of the engine in which combustion
occurs. It consists of a cylindrical outer shell,
perforated inner liner, fuel nozzle, andsigniter
plug. A NOZZLE is a metal chamber which
collects combustion gases from the burners and
directs them through fixed vanes or nozzles. The
ROTOR is a rotating assembly, consisting of
the compressor, an interconnecting shaft, and
first-stage turbine wheel,

" The section of the engine which changes
energy into useful power is known as the power
output section. The main parts of this section
are the power turbine wheel, exhaust ducts,
reduction gear, and output shaft. '

The TURBINE WHEEL is a bladed disk
which turns when the exhaust gas stream acts
upon its blades. A circular metal duct,
containing a ring of fixed vanes that form
nozzles, which directs the gas flow from the

—— | CHAMBER
.
ﬁ
PROPUL SION
POWER

STARTER - COUPLING

COMPRESSOR SHAFT TURBINE

O EXHAUST TO

4 ATMOSPHERE
ATMOSPHERIC
AIR INTAKE

Figure 12-8.—Schematic diagram showing relationshp of parts in single-shaft gas turbine engine.
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Chapter 12—-INTERNAL COMBUSTION ENGINES

first-stage turbine to the second-stage turbine is
called the INTERSTAGE NOZZLE
ASSEMBLY.

Engine Accessories

The main engine components discussed to

l this point are not the only components required

‘to make a complete engine. Like other types of

internal combustjon engines, the gas turbine
engine includes various accessories.

The ﬁ:i ts which constitute the engine
accessory group are driven by the engine rotor
or by the output shaft. The rotor-driven
accessories include the gear-type fuel pump,
centrifugal fuel control governor, combination
pressure-scavenge oil pump.
overspeed switch is driven by the output shaft.

Engine Systems

The principal systems of a gas-turbine engine
are those which supply fuel for combustion, oil
for lubrication, and electricity or air for starting
the engine and for the operation of instruments
and warning and safety devices.

The engine accessories are usually considered
as components of whichever system they affect.

OPERATFION OF -
SMALL BOAT ENGINES

When a ship is at anchor, the officers and
crew travel to and from the shore in small boats.
As a Fireman, you may be assigned as an
engineer on one of these small craft. A coxswain
will be in charge of the boat. In some boats
there may also be two seamen acgpgas bow and
stern hooks. ¥

You will be responsible for operating the
boat’s engine. You will receive your orders from
the coxswain over the boat’s bell system. You
should know the.bell signals; two sounds for

neutral, one for slow ahead, three for reverse,

and four calls for full speed”in the direction in
which you are going. The coxswain will expect
you to comply with the bells instantly. You will
_be required to follow certain safety precautions

\
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as a boat engineer. Refer to Basic Military
Requirements, NavTra 10054-D, chapter 19, for
additional information.

DIESEL-POWERED
BOAT OPERATION

The actual operation of a small boat diesel
might be considered as consisting merely of
starting it, regulating the speed, and stopping it.
However, there are other. factors which should
be considered. If you are going to depend on the
engine to give reliable service, you must give it a
lot of attention. Your first experience in having
a casualty halfway between the ship and dock
may leave a lasting impression on you,
particularly if you happen to have the captain
aboard.

When you are assigned to a boat, your first
responsibility is to inspect the engine and warm
it up. You should check the fuel supply, the
lubricating oil, and the cooling system. When
you are satisfied that everything is as it should
be, you are ready to start the engine.

Starting a diesel engine ordinarily consists of
placing the throttle in the idle position, or
opening it part way, and pressing the starter
button. The engine should start after the starter
has turned it over a couple of times. It should be
warmed up by running it at low speed until it is
up to operating temperature.

While the engine is warming up, you will
have a chance to find out whether it is in good
running condition. Watch the instrument panel
to help you determine the condition of the
engine. (See fig. 12-9.) For example, if the oil
gage fails to register any pressure, you should
stop the engine immediately. The water
temperature gage is used as an indication of the
temperature of the engme parts. The engine
exhaust is usually cooled by sea water; the/
exhaust “discharge should be inspected

-immediately after starting to determine whether -

the water pump has suction. If the pump does
not have suction, stop the engine and check the '
cooling system for such troubles as a clogged
strainer and closed sea valves. You should check
the idling speed by bringing the throttle back to
the idling position. The engine should respond
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Figure 12-9.—The instrument panel of a small
diesel-powered boat.

normal'y to changes in the throttle setting, and
it should run smoothly after being brought up to
operating temperature,

Yoy ‘should know where the fuel- and
lube-oil«strainer drains are located so that you
can getrid of any water that may accumulate in
these systems. If lube oil must be added, see that

0

the proper grade approved for that particular
engine is used. -

The engine can be stopped by merely closing
the throttle. You ‘should leave the engine
compartment clean and orderly. A report calling
attention to any abnormal operating condition
that you may have noticed will be a help to the
maintenance and servicing crew.

Another important part of your job is
TROUBLESHOQTING. Diesel engine failure can
ustfally be attributed either to the fuel system or
to improper cooling or lubrication. If the fuel is
not reaching the engine cylinders, you can often
trace the trouble to an empty fuel tank or an
accumulation of water in the strainers. A
plugged vent in the fuel tank filler cap will cause
a vacuum to form in the top of the tank, and the
engine will stop for lack of fuel. Overheating
generally results from a lack of either oil or
cooling water. ‘

GASOLINE ENGINE
OPERATION - - /

The operation of a small boat gasoline
engine is similar to that of a diesel engine. Since
gasoline from a leak or an ‘open container will
vaporize quickly and may form an explosive
mixture, additional precautions against fire must
be taken. Adequate ventilation must be provided
to rid,_ the engine compartmert of any
combustible vapors which may accumulate. No
smoking is permitted in small boats at any time,
this is especially important in boats equipped
with gasoline engines.
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CHAPTER 13 -

ENGINEERING WATCHES

Throughout the chapters of this training
manual you have become acquainted with the
organization and ratings of the engineering
department. You may be assigned to one of
many different types of ships. On these ships
you will find that the engineering spaces vary in
size and appearance. If you are assigned to a
steam-driven ship, you may find the boilers, the
main engines, and their associated equipment in
one space; or you may find the boilers and their
equipment in one space, and the main engines
and their equipment in another space.
Regardless of the number of boilers and main
engines, many of the watches are basically the
same. Therefore, the information in this chapter
is general in nature and does not apply
specifically to any one ship.

This chapter contains information related to
some of the wagches and the duties that you will
be required td perform such as messenger of the
watch, sounding and security watch, and
cold-iron_watdh.' As you progress and become
acquainted with the fireroom or engineroom
you will be required to stand other{watches
under the supervision and instruction of a petty
officer. These watches include: (1) for the
fireroom—burnerman, blowerman,
checkman; and (2) for the engineroom—lower
level watch, upper level watch, evaporator
watch, shaft alley watch, and throttle watch.

MESSENGER OF THE WATCH

The messenger of the watc forms a
number of important duiics wiudch “involve a
great® deal of responsibility. The mcssenger
usually assigned as telephone talker on the
engineering JV circuit during close maneuvering
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conditions with other ships, when entering or
leaving port, or when refueling or replenishing
from another ship. Because the JV circuit is used
to provide communications between all the
engiggering spaces, you must ‘now proper
telephone procedures; when you talk, speak
slowly and in a very distinct manner
pronouncing syllables of each word very
clearly. When you receive a message, or are given
a message to transmit, be sure to repeat it word
for word, exactly as it was given to you; do not
engage in any idle chatter. ‘ }

. As the messenger on the watch you will also
perform_such other duties as the petty officer of
the wafch may designate. This includes checking
operating machinery to see that it is
operating properly, retording temperature and
pressure reéadings in the appropriate logs, and
calling the watch relief.

The’ Operating log is an hourly record. of
operating pressures and temperatures of almost
all operating méchinery. . The log readings
include lube oil pressures and temperatures,
boiler pressures and temperatures, pump
suctions and discharge pressures, and other items
of importance to the operation of the
engineering plant. You will be required to write
and print legibly, to correctly spell common
Navy terms and to maintain your logs neatly and
accurately. You should become acquainted with
proper operating pressures and temperatures so
that you will know when a piece of machihery
or equipment is not operating properly.

D

SOUNDING AND
SECURITY WATCH

As a Fireman you will be required to stand

sounding and security watches. While on this
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wateh, your primary mission is to look for fire
and flooding hazards. On most ships, this watch

is from the end of the working day until 0800

the next morning and is also in effect during
holiday routine. The watch is particularly
needed at these times because there are fewer
personnel working aboard the ship and certain
spaces that require frequent observation are not

' . under the normal observation of personnel
working in or near them. On some ships
(particularly the larger ones), sounding and
secunty watches are stood around the clock.
When ‘you stand this watch, in addition to
looking for fire and flooding hazards, be sure
that no fresh water spigots are leaking or left
running in heads, washrooms, galleys, and
pantries. Another of your responsibilities while
on watch is to maintain the.proper condition of
material readiness by checking all watertight air
ports, doors, hatches, scuttles, and all other
damage controkfittings. Report any irregular
condition (change in soundings, violations of
material condition, fire hazards, etc.) to your
watch supervisor.

SOUNDINGS

A sounding tube is usually made of

1 1/2-inch pipe. The lower end is fitted at a low
point in the compartment, tank, or void which
§ the tube serves. The upper end tefminates in a

fiush deck plate which is usually located on the -

main or second deck; it is closed with a threaded
plug or cap.

Tubes are made as straight as possible; but
sbme are necessanly ‘curved. Some sounding
tubes, particularly those serving spaces under the

_enginerooms and firerooms, cannot be extended

_to the upper decks because of the construction

of the ship. These tubes terminate in risers

¢, which extend approximately 3 feet above the

compartment served; they have gate valve
closures.

Soundnné‘ are taken with a sound rod or

I

‘weighted at the end to facilitate lowering into

the soundlng tub?

HOW TO TAKEf
A SOUNDING |

Water is mlatLvely hard to see on a brass or
bronze sounding rod. Before you take a
sounding, dry the rod or tape thoroughly and
coat it with white chalk. When the chalk
becomes wet, it turns to a distinctly visible light
brown color. For example, if there js 6 inches of
water in a tank when you take a sounding, the
light brown,color of the chalk will be distinctly
visible up to the 6-inch mark; while the
remainder of the sounding rod will still be

covered with the white chalk. The chalk method

'

is used only where water may be present.

When you have coated the sounding rod
with chalk, lower it down the tube until it
touches the bottom; 1mmed1ately draw it back.
Do not drop the rod or tape to the bottom, but
lower it slowly so that it hits bottom without
injuring the rod or tape. If the ship is rolling, t
to lower and hoist the rod or tape while the ship
is on an even keel. After you have taken the
sounding, enter the reading in the sounding log.

COLD-IRON WATCH -
When a ship moves alapgside a}epalr ship or
a tender, or into a naval shipyard,.and is
rece1v1ng power from these activities, a security
and 'fire watch is usually set by each department.
This watch is commonly called the COLD- IRON

WATCH.

sounding tape, whichever is provided for that

purpose aboard ship. Normally, the sounding
rod is approximately 6 feet long and is made of
12-inch lengths of 1/2-inch brass or bronze rods.
It is lowered with a chain or line. The sounding
tape. is a steel tape, coiled on a reel suitable for
holding while the tape is lowered. The tape is

N
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Each cold-ron watch makes frequent
inspections of the area assigned to him and looks
for fire hazards or _other unusual conditions
throughout the area. He sees that no
unauthorized persons are in his watch area, that
all spaces are cleaned, and that no tools, rags,
gear, and the like are.left adrift. He keeps bﬂges
reasonably free of water.

The watch makes -hoyrly reports to the
officer of the deck as to alk existing conditions.
Any unusual conditions that do exist are
reported to the officer of the deck immediately

.
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notified to take the

measures.

In the event that welding or burning is going
on in his area, the -gpld-iron watch sees that a
fire watch is stationed. (The fire watch stands by
with a CO, extlngulsher) If none has been
, stationed, the cold-iron ‘watch has the work
discontinued until the fire watch has been
stationed. The cold-iron watch carfies out all
orders and special orders pertaining to the duties
of that watch. - ' (

“If the shlp is in drydock, the cold-iron watch
ehecks all sea valves after working hours to see
that the valves are secure or are blanked off. He

" must see that no oil is pumped into thc
) drydocks at any time. He Will not allow. any
weights, such as fuel oil, feedwater, or potable

necessary corrective

regarding existing conditions, orders, and special
orders. If the relisving watch is fiot satisfied ‘with
the conditions, he will not relieve him, buf will

the day’s duty. o
"~ BURNERMAN T
) RN . >

burnerman “maintains proper §team

The

pressure by cutting burners in or out, or by

regulating tlze fuel oil pressure at the burners.

The steam pressure must be. held at the c working

pressure, an% as steady as posslble *The
burnerman ‘must keep a close check for dirty
‘atomizers, by observing their operation and the
\Tcondmon of the fire. He changes ‘the atomizers

of the watch. ™

The bumer{nan epends on a steam pressure
gage and a Muperheated steam t'émperatufe
thermometer for mformatxon ‘on conditions

when’ authorized by‘fe petty officer in charge B

so that the department responsible can be

~

. Water, to be shifted without permlssmn of the

enginecrofficer, ‘

The cold-iron watch must be famtllar]\mth
“all . regulations, instructions, andy, safety
precautions and must sce that (titese arg
observed.. He gives his relief alN\dnformation.

report for instructions to the petty officer w:th :

v [ }/

As gngine ‘speed and steam conditions

. change the burnerman must rapidly guf burners

. in or out, as required, to hold the steam pressure

steady. ~During mttneuve\rtng in. close contact

with other ships, and when the ship is entering

or leaving _port, the bumerman must be

" constantly alert for large, rapid - changes in
engine speed. <

.

” BLOWERMAN

The blowerman is responsible for operating
" the, forced draft blowers that supply combustion
air to the boiler. Although the air pressure in the
double casings is affected by the number of
registers in-use and the extent to which each
register is open, it is chiefly determined by the
manner in which the forced draft blowers are
operated. The opening, setting, or adjusting-of
the air registers is the BURNERMAN'S job. The
control of" forced - draft blowers ‘is the
BLOWERMAN'S job. It is important that the
burnerman and the blowerman cooperate with .
-each other because both are concerned with the
“combustion of the fuel oil.
» o

4

{ECKMAN - .
~ CHECKM

The checkman is.responsible for operating

. the feed stop valve and the feed check valve. The

checkman hds ONLY ONE JOB—to maintain the -.
proper water level in the boilers This job requires
full attention at all times. When a boiler is being
eperated uanually,-the checkman must NEVER
be given'any dther duties.

/} .Some‘ ships a equipped with fully
automatit feedwater s, so'a chéckman is
not normally needed. Howevyr, if thie autdmatic _
system fails or is switched t% manual control,

* then-a checkmﬂn must be imm dlately stationed
“on the checks.

<t . ~ N
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" THROTTLE WATCH -

)

The tasks. of a throttleman at” the mam
engings are Very impoftant! Orders from the
bndé%relanve to movement: of the propel]ers}

within the boiler. In 'most cases an -engine opder -
telegraph (annunciator) ;is located near the
burner front®so that ‘the fireroem watch will

know what main engine changes dfe being made.  *must.'be cOmbhed with 1mmed|ately Ta mak
o N . 173 . . -('- 0 “ =
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correct adjustments for the required' speed, you
must keep a glose watch on the rpm indicator on
the throttg% board . and open or close the
threttle, a§ required. to attain _or maintain the
necessary rpm. In addition to handling the
throIJ\ 1tself you may also have to operate a
variety' of associated valves, accurately log all
speed changes in~the Engineer’s Bell Book,
visually check all gages (pressure, temperature,
vacuum, etc.) installed on the throttle board,
and keep the petty officer in charge informed of

. any abnormal gage readings

prevent a

You should become "thoroughly familiar
with all the gages, instruments, and indicators on
the throttle board so. that ypu will know what a
normal reading is. Theréijare steam pressure
gages, steam temperaturd’ thermometers, -a
revolutions-per-minute  (rpm) indicator, an
cngine order telegraph, feedwater pressure gages,
cooling water pressure gages, gages indicating the
vacuum obtained in the main engine low-
pressure turbine, and others. Whenever an
opportunity presents itself, study thesthrottle
board and ask questions. Do not hesitate to ask

the pumps and equipment, you must learn to
make various routine checks on the operating
machinery. Some of the checks for th¢ main

" fetdd punip, the lube oil pufhp, ‘and the main

condensate pump.are discussed in the sections
that follow. {Under the watchful eye of -the
pumpman. you will learn how to make the
following checks and to perform the following
duties. c

' MAIN FEED PUMP

2

the operator whether those are normal readings ™

and whether they are the approximate readings
you should alwa ee there during steaming
conditions. Wheyr?&g?ou, have learned ‘the
difference between a normal reading and an
abnormal reading, you may possibly help. to
rnajor casualty by observing an

-abnormal reading and reporting it to the petty

=

\/c/procedures for starting,

officer in charge of the watch.

2 . ! A

[

LOWER LEVEL WATCHES

When you are assignéd to the lower leve] to
assist the lower level yatch (pumpman) and to
learn his duties and re onsibilities, you will find
a’ vonsiderabie ntimber of pumps and other

auxiliary machinery. Some of the pumps ang”’

equipment you will find are the rain lube oil

‘pumps and lube orl coolers, main condensate

pumps and* main condenser and, when installed

in the engineroom, main feed pumps, main feed

booster pumps$, and ‘fire pumps In some

,installations you will alsg find air compressors .

-~
to

on the lower fevel. )
<«In addition, _ learniing the proper

operating, and stopping

-
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In addition to complying with the posted
instructions’ and safety precautions for- the
machinery and equipment at thjs station, the
pumpman performs the following Huties:

I ‘Maintain$ main feed pump discharge
pressure at a predetermnned value by adjustmg
the constant presgure governor. .

2. Keeps Main feed pump bearings at the '
proper temperature by regulating_.the flow.of
water through the.feed pump lube oil eooler. _
~ 3. Checks to ensure proper lube oil pressure
to the bearings. '

4. Keeps shaft packnng elands adjusted .
properly. A small leakage . is necess:g .
lubrication to prevent burning out the kn?
but-an excessive amount of leakage wastes boiler |
, feedwater. )

5. Checks and maintains pr0per 1
level in’ the main feed pump sump tank.
6. Keeps valve packing glands tightened to
prevent leakggd.” -

-Keeps ‘his watch station clean; removes
fire hazards by wiping up oil and picking up rags‘
and other stray gear. -

& Is alert for unusual sounds, vxbratlgns
temperatures, and pressures.

9. Keeps the standby pump ready for
Jnstant use.

¢ oil

LUBE OIL PUMP ‘ ¢

1. Maintains the proper luge oil” pump
dnscharge pressure by adjustmg the constant
pressure governor. ‘

2. Keeps the standby pump on automatic
standby, ready for instant use. |

3. Shifts and cléags main fube oil strainers
once each watch or moreoften if required.

/.
SO

-
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maintains the proper ofl level in the main en
sump tank.

5. Operates the lube oil purifier as ordered.

6. Checks the oil pressure, to the lube oil
service pump bearings and maintains the oil at
. the proper perature by regulating’ ‘the
_amount of water through the pump lube oil
cooler. N

7. Regulates the cooling water
through the lube oil cooler to maintain the
correct oil outlet temperature.

MAIN CONDENSATE PUMP

l. Keeps the condensate in the condenser

N hot well at the proper level.

2./ Frequently ‘checks the exhaust trunk and
main condénser overboard for abnormal
temperatures.

3. Checks the main - condensate pump
bearings for proper oil pressure and temperature.

4. Keeps the main condenser yented.

5. Starts or secures an additional pump, as
reqmred to keep the condensate level at the
"correct height.

" 6. 'Constantly checks fqr. unusual
conditions such as vibrations, sounds, and hlgh
or low temperature or pressures . /

All watch standers should be constantly al\ert
for signs of leakage’in all parts of the steam and
water systems. Some of thé ‘more common
causes of feedwater waste are: (1) leaks in pipe
fittings, flanges, valve and pump packing glands,
pump howlings and relief valvest (2) use of
excessive gland sealing’stedhr; and (3) failure to
shift drmns from-the . bﬂgﬁ‘ﬁ"to the appropriate
drain system. Usmg an excessive amoynt of
boiler feedwater is an indication of a poorly
operated plant and reflects on the iSlhty of the

. *

UPPER LEVEL ‘WATCH

\~When,yo‘t‘? are“assignc(j to the dutiesof the \\@ter daily, yet a ship can only store sufficient-

upper level watch in the engineroom, you will
record . periodic temperature and pressure

readings fr he various gages og, or confiected
to, the- upp =5 evel machinery; make requnred

wll Toxt Provided by ERIC

4. éh?:cks the lube oil system for leaks ;%9
e

fow

valve adjustments to correct conditions
indicated by slight variations from the normal
readings, and report unusual condjtions to the
petty officer In charge; maintain a normal water

‘level in the deaerating tank, if it is in the

engineroom, by adjusting the excess and makeup
feed valves; light off and secure turbogenerators;
and-other upper level machinery, as ordered; and
maintain an adequate gland seal _pressure on the
turbogenerator. ~

SHAFT ALLEY WATCH

Another main engine duty to which you
may be assigned is that of keeping watch on the
bearings of the propeller shafts leading from the
reduction gears (or motors of a turboelectric
driven ship) to the ship’s propellers. The shaft

‘alley watch stander:

1. Checks all spring bearings for proper
lubrication, including correct oil level, condition
of the oil, proper operation of self-oiling devices
(ring or chain), and bearing temperature.

2. Checks and adjusts stern tube gland for
cdrrect amount of leak-off.

3. Is responsible for havmg the shaft auey
bilge pumped.

4. s to be especially alert dunng high speed
to observe any abnorm:ll rise
temperature,

5. Reports hourly, by phone to the control
engineroom and at any time that abnormal
conditions develop,

6. In ships which have the main thrust

bearing in the shaft alley, j
operation of the main thrus
system.

7. Performs any other additional duties
which may be assigned,

responsible for
bearing lube oil

EVAPORATOR WATCH
A ship requnres a large amount of pure fresh

water to last a few days; therefore proper and

careful watches must be maintained on the’
- evaporators whenever they are in operation.
- Proper watch standing requires the operator to

S
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constantly check pressures, temperatures,
vacubim, and salt content of the distilled water.
The ship cannot operate if the distilled water
that is to be used for feedwater contains more
salt than the maximum allowable limits.

OTHER WATCHES
OR ASSIGNMENTS

Each division officer prepares -a Watch,
Quarter, and Station Bill for his division. You
will generally find the following information on

* this bill:

1. Organization of the division (i..,

- sections and watches).

. 2..Listitg of  each person as to billet

number, locker number, bunk number,

o

compartment number, name,'mting, and rate
(actual and allowance).

3. Watch assignments for each person under
various conditions of battle readiness.

4. Station each person will have arpd what
he will provide for emergency situations such as
Fire, Rescue and Assistance, and General
Emergency. .

'S. Visit and search party, landing force,
sped® sea detail, and other special duties and
statiofts v;,:hich each person is assigned. i

The Watch, Quarter, .and Station Bill tells
you where you fit int9 the ship’s organizatiornal
picture. Check it frequently, for it is your duty
to know where you belong uhder all conditions.
There is NO EXCUSE FOR NOT KNOWING.
The bills may be differently. designed for
different ships,- but the stations and duties are
always approximately the same.
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GLOSSARY

. When you enter a new occupation, you must

" learn the vocabulary of the trade so that you
understand your fellow workmen and can make
yourself understood by them. Shipboard life
requires that Navy personnel learn a relatively
new “vocabulary—even new terms for many
commonplace items. The reasons for this need
are many, but most of them boil down to
convetnience and safety. Under certain
eircimstances, a word or a few words may mean
an exact thing or may mean a certain sequence
of actions which makes it unnecessary to give a
lot of explanatory details. .

A great deal of the work of a Fireman is
.scsuch that an incorrectly interpreted instrugtion
could cause confusion, breakage of machinery,
or even loss of life. Avoid this confusiofkand its

attendant danger by learning the meaning -of-

terms common to the Engineering Department.

This glossary is not all-inclusive, but it does
contain many terms that every Fireman should
know. The terms giver in this glossary may have
more than one definition; orfly those definitions
as related to engineering are given.

~“ABT (automatic bus transfer): An autorﬁﬁc
electrical device that supplies power to vital
equipment. This device will shift from the
normal power supply to an alternate power

supplys anytime-"the normal supply is
interrupted. :
ACETYLENE: A gas that is chemically -

produced from calcium carbide and water, used
. for welding and cutting.

ADAPTER: A coupling or similar device that

~permits fittings with different-sized openings
(apertures) t6 be joined to%ether.

’ EMC ¢

IToxt Provided by ERI

AFTERCOOLER: A terminal heét-ggnsfer
unit after the last stage. .

AIR EJECTOR: A type of jet pﬁmp, used to’
remove air and other gases from the condensers.

<@

AIR CHAMBER: A chamber, wusually
bulb-shaped, on the suction and discharge sides
of a pump. Air in the chamber acts as a cushion
and prevents suddern shocks to the pump.

QIR REGISTER: A device in the casing of a
boiler which regulates the amount of air for
comhustion and provides a circular motion to
the air.

AISE: Association of Iron and Steel Engineers.
ALLOY: A mixture of two or more metals.

. -
ALTERNATING CURRENT fa<): Current

that is constantly changing in ‘value and
direction at regular recurring intervals,

AMBIENT TEMPE
of the surrounding area.

. A
AMMETER: | An instrument for measuring the
rate of flow of electrical current in amperes.

-

ANNEALING: - The softening of. metal by
‘;heating'and slow cooling. : v -

4

AMNUNCIATOR:  Sece ENGINE ORDER

TELEGRAPH.

. ARGON:  An inert gas, slightly heavier,than air,

used in inert-gas shielded metal arc welding.
* «%
el
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ARMORED CABLE: An electric cable that is
protected on the outside by a metal covering.

ASTM:  American Society for Testing Metals.

AUTOMATIC COMBUSTION CONTROL
SYSTEM (ACC): A system that automatically
controls the fuel and air mixture in a boiler.

“AUXILIARY MACHINERY: Any system or
unit of machinery that supports the main
propulsion units or helps support the ship and

- the crew. Example: Pump, evaporator, steering

engine, air-conditioning, and refrigerator

equipment, laun@hy and galley equipment, deck

winch, etc. .

h“@} bd

BACK PRESSURE: The pressure- exerted on

the exhaust side of a pump or ¢ngine.

BDC (bottom dead center): The position of a
reciprocating piston at its lowest point of travel.

BALLASTING: The process of filling empty
tanks with salt water to protect the ship from
underwater damage and to increase its stability.
See DEBALLASTING.

Reproduced copy of drawing

BLUEPRINT:

(usually having white lines on a blue
background). '

BOILER: A strong metal tank or vessel
composed of tubes, drums, and headers, in
which water is heated by the gases of

combustion to form steam.

BOILER CENTRAL CONTROL STATION: A

centrally, located station for directing the
control of all boilers in the fireroom.
BOILER DESIGN PRESSURE: Pressyre

specified by the manufacturer,

BOILER INTERNAL FITTINGS: All parts

instde the boiler which co‘ntrol the flow of steam"

and water.

BOILER OPERATING . PRESSURE:. ’The
pressure requxred to .be maintained in a boiler
while in service.

&

BOILER OPERATING STATION: A location

- gear train—the main gear, as in a ge

usually about ~
, 103% of normal steam drum operating pressure.:

S

from which boilers are operated.
BOILER RECORD SHEET: A NavShips form
maintained for each boiler, which serves as a
monthly summary of operation.

BOILER REFRACTORIES: Materials used in
the boiler furnace to protect the boiler from
heat of combustion.

BOILER ROOM: A compartment cohtaining
boilers but not containing a station for operating
or firing the boilers. Refers specifically to
bulkhead enclosed\‘!yr installations.

BOILER TUBE CLEANER: A cylindrical
brush that is used to clean the insides of boiler
tubes. .. -

BOILER WATER:
contained in the boiler.

The water actually

BRAZING: A method of joihing two metals at
high temperature with a molten alloy.

BRINE: A highly concentrated solution of salt
in water, normally associated with the overboard

discharge of distilling plants. *

f
BRITTLENESS: That property of a material
which causes it to break or snap suddenly with
little or no prior sign of deformation.

BULL GEAR: The largest gear in afeduction

ed turbine
drive.

BURNERMAN: Man in fireroom who tends
the burners in the boilers. )

BUSHING: A r ewable lining for a hole
through which a moving part passes.

BYPASS: To divert the flow of gas or liquid.-
Also, the line that diverts the flow.

CALIBRATION:  The comparison of any
measuring instrument with a set standard.

CANTILEVER: A projecting arm or beam
supported only at one end. :
° \
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CAPILLARY TUBE: A slender, thin-walled,
small-bored tube used with
indicators.

CARBON DIOXIDE: A colorless, odorless gas
used as a fire, extinguishing agent and for
inflating liferafts and lifejackets.

CARBON PACKING: Pressed segments of
graphite used to prevent steam leakage around
shafts. g

CASUALTY POWER SYSTEM: Portable
cables that are rigged to transmit power to vital
equipment in an emergency.

CHECK VALVE: A valve that permits the flow
of a liquid in one direction only.

. CHIL® SHOCKING: A method that uses steam
,and cold water to remqgve scale fromsthe tubes
of a distilling plant.

CHLORINE: A heavy,‘greenish-yellow gas used
in water purification, sewage disposal, and in the
preparation of bleaching solutions. Poisonous in
concentrated form. D

CIRCUIT BREAKER: An electrical, device that
provides circuit overload protection. A

CLUTCH: A form of coupling designed to

connect

or ~disconnect a driving or d@/en
member.

COLD IRON CONDITION: An idle plant as in

™\.a destroyer when ail port services are received

from an external ource such as shore or tender.

CONDENSATE: Water produced in the cooling
system of the steam cycle from steam that has
returned from the turbine or from steam that has
. returned from various heat exchanges. The water
.is used over again to generate steam in the boiler
-for an endless repetitive cycle.
? e
CONDENSER: A heat transfer devige in which
steam or vapor is condensed to water.
»
CONDUCTION: A method of heat transfer
from one body to another when the two bodies
are in physicalagontact. Sy
. ’ #

.

remote-reading.

CONSTANT PRESSURE GOVERNOR: A
device that maintains a constant pump discharge,
pressure under varyingloads. )

CONTROLLER: A device l{sed to stop, start,
and protect motors from overloads, while the
motors are running.

COOLER: Any device that removes heat. Some

-devices such as oil coolers remove heat to waste

in overboard seawater discharge, and other
devices such as an ejector cooler conserve heat
by heating condensate for boiler feedwater.

ten
as

CORROSION:  The process of  being
away gradually by chemical action, suc
rusting,

COUNTERSINK: A cone-shaped tool used to
enlarge and bevel one end of a drilled hole.

CREEP-RESISTANT ALLOY:" A metal which
resists the slow plastic deformation that occurs
at high temperatures when the materialoiAs under

‘congtant stress.

o

[

CROSS-CONNECTED *PLANT: A method of
operating two or more plants as one unit from a
cominon steam supply.

CURTIS STAGE: A velocity-compounded
impulse turbine stage that has one pressure drop
in the nozzles and two velocity drops in the
blading. o

DEAERATING FEED TANK (DA tank): A
unit in the steam-water cycle that (1) frees the

- condensafe of dissolved oxygen, (2) heats the

»
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feedwater,. and (3) acts as a reservoir for
feedwater.

DEBALLASTING: The process by which salt is
emptied from tanks to protect the ship from
underwater damage and to increase its stability.

DEGREE OF SUPERHEAT: The amount by
which the temperature of steam exceeds the
saturation temperature.

DIRECT CURRENT (d-c): Current that moves -
in one direction only. . i

8
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~

DIRECT DRIVE: One in which the drive
mechanism is coupled directly to the driven
member.

DISTILLATE: Water produced in distilling

plants.

DISTILLING PLANTS: Units commonly
called evaporators (evaps) used to convert
seawater into fresh water.

DRAWING: [llustrated plans that show
fabrication and assembly details. N

DRUM, STEAM: The large tan?at the top of
the boiler in which the steam collécts

DRUM, WATER: A tank at the bottom of a
boiler; also called MUD DRUM.

DRY PIPE: A perforated pipe at the highest
_point in a steam drum to collect steam.

DUCTILITY: Property possessed by metals
that allows them to be drawn or stretched.

ECONOMIZER: A heat transfer device on a
boiler that uses™the gases of combustlon to
preheat the feedwater

EDUCTOR: A jet-type pump (no moving
parts) used to empty flooded spaces.

EFFICIENCY: The ratio of the output to the
input.

ELASTICITY: The ablhty of a magenal to
. return to its original size and shape.

ELECTRODE: A metallic rod (weldin‘g rod),
used in electric welding, that melts when current
is passed through it.

ELECTROHYDRAULIC STEERING: A
system havmg a motor-drivéen hydraulic pump
that creates the force needed to actuate the rams
to position the ship’s rudder. -

ELECTROLYSIS: A chemlcal action that takes
place between unhke metals in systerqs usmg salt

water . °
B,

ELECTROMOTIVE FORCE (EMF): A force
that caus® electrons to move through a closed
~ circuit; expressed in volts.

ELEMENT: A substance which consists of
chemically united atoms of one kind.

ENERGY: The capacity for doing work.

ENGINEER'S BELL BOOK: A legal record,
maintained by the throttle watch, of all ordered
mau} engin¢ speed changes

INE ORDER TELEGRAPH A device on
th ship’s bridge to give orders to the
engineroom. Also called ANNUNCIATOR.

EPM (equivalents per million): The number of
equivalent parts of a substance per million parts
of another substance. The word ‘“‘equivalent”
refers to the equivalent weight of a substance.

EVAPORATOR: A distilling device to produce
fresh water from seawater

EXPANSION JOINT: A junction which allows
for expansion and contraction.

FATIGUE: The tendency of a material to
break under repeated strain.

FEED HEATER: A heat transfer device that
heats the feedwater before it goes to the boiler.

FEEDWATER: Water of A£he highgst possible
level of purity made in £vaporatpss for use in
boilers.

FERROUS METAL: Metal with a high iron
content.

-

FIREBOX: The section of a ship’s boiler where
fuel oil combustlon takes place. R

FIRE MAIN " The saltwater lme that provrdes
firefighting water and ﬂushmg water throughout
the ship.

FIRE TUBE BOILER: Boilers in which the

- -gases of combustion pass through the tubes and

heat the water surrounding them.

FLAREBACK:

Iy
|

A backfire of ﬂame and hot

. gases into a ship’s fireroom from the firebox.

Caused by a fuel oil explosion in the firebox.

' 14
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FLASH POINT OF OIL: The temperature at
which oil vapor will flash into fire although the
main body of the oil will not ignite.

FLEXIBLE I-BEAM: An I-shaped steel beam
on which the forward end of a turbine is
mounted; it allows for longitudinal expansion
and contraction.

~FLOOR {’LATES: The removable deck plating
of a fireréom or engineroom aboard ship.

FLUX: A chemical agent that retards oxidation
of the surface, removes oxides already present,
and aids fusion. .

FORCE: Anything that tendé to produce or
modify motion.

FORCED DRAFT: Air under pressure supplied
to the burners in a ship’s boiler.

FORCED DRAFT BLOWERS: Turbine- driven
fans which supply air to the boiler furnace.

FORCED FEED LUBRICATION: A
lubrication system that uses a pump to maintain
a constant pressure.

FORGING: The forming of metal by heating
and hammering.

FRESH WATER SYSTEM: A piping system

FUEL OIL MICROMETER VALVE: A valve,
installed at the burner manifold, that controls
the fuel oil pressure to the burners.

FUEL OIL\SE\RVICE TANKS: Tanks which
 provide suction ta_the fuel oil service pumps to
~ discharge oi‘lﬁo‘theﬁ)@ers.-&, ‘

N By

FUSE: ' A protective :
circuit if .the curfent.,‘flow exceeds a
predetermined yaiue.ﬁz;& R A

GAGE GLASS: A device' that indicates the
liquid level in a tank. .

Q ‘ .

which supplies fresh water throughout the Ship.

de\ri'cg‘ that' will open a

GAS FREE: A term used to describe a space
that has been tested-and found safe for hot work
(welding and cuttjng).

GEARED-TURBINE DRIVE: A turbine that
drives a pump, generator, or other machinery
through reduction gears. .

GROUNDED PLUG: A  three-pronged
electrical plug used to ground portable tools to
the ship’s structure.’ It is a safety device which
always must be checked prior to your using
portable tools.

HAGEVAP SOLUTION: A chemical
compound used in distilling plants.t6 prevent
the formation of scale.

HALIDE LEAK DETECTOR: A device that i
used to locate leaks in refrigeration systems.

HANDHOLE: An opening large enough for the
hand and arm to enter the boiler for making
slight repairs and for inspection purposes.

HANDY BILLY: A smali portable water pump.

HARDENING: The heating and rapid cooling
(quenching) of metal to induce hardness.

J
HARDNESS: The ability (of a material to resist
penetration. ' \ '
e
.~ HEADER: A chamber, or tank, located within
a boiler, to which tubes are connected so that
water or steam may pass freely from one tube to
the other(s). “Similar to, but smaller tham, a
‘waterdrum. - :

.

HEAT EXCHANGER: Any device that allows
the transfer of heat from one fluid (liquid, or
gas) to another.

>
HYDROGEN: A hi% - explosive, light,
. invisible, nonpoisonous #as used in underwater
. welding and cutting operations. ‘ ’
HYDROMETER gy An instrument used to
determine thesspecific gravity of liquids.
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HYDROSTATIC TEST: A pressure test that
uses water to detect leaks in a boiler or in other

closed systems. a8
Q

IGNITION, COMPRESSION: When the heat
generated by compression in an internal
combustion engine ignites the fuel (as in a diesel
engine).

N
IGNITION SPARK: When the mixture of air
and fuel in an internal combustion engine is
ignited by an electric spark (as in a gasoline
engine).

" IMPELLER: An encased, rotating element
provided with vanes which draw in fluid at the
center and expel it at a high velocity at the outer
edge.

IMPULSE TURBINE: A turbine in which the
major part of the driving force is received from
the impulse of incoming steam.

INDIRECT DRIVE: A drive mechanism
coupled to the driven member by gears or belts.

-

INERT: Inactive. e

INJECTOR: A device which uses a jet of steam

to force water into the boiler. Injectors are also’
used in the diesel engine to force fuel into the
cylinders. _ -

INSULATION: A material used to retard heat
transfer. ‘

INTE RCOOLE R:) An intermediate heat
transfer unit between two successive stages, as in
an air compressor. -

JACKBOX: Receptacle, Jusually secured to a
bulkhead, "in wluch telephone jacks are

mounted

A

.JOB ORDER: An order 1ssued by a repajr | .
activity to lts own subdivision to perform a
repair job in,response to work request.

JUMPER: Any connectmg p1pe, hose, or wire, |
normally used in emergencies aboard sth to

. ‘\ .
bypass damaged sections of a pipe, a hose, or a
wire. (See BYPASS.)

JURY RIG:

Any temporary or makeshift
device. z N

LABYRINTH PACKING: Rows of metallic
strips or fins that prevent steam leaRage along
the shaft of a turbine.

~LAGGING: A protective and confining cover

placed over insulating material.

LIGHT OFF: Start; Literally, to star%fﬁre in,
as in “‘light off a boiler."” ‘

LOG" BOOK: Any chronological récord of
events, such as engineering watch log.

LOG, ENGINEERING: A legal record of

“irnportant events and data corfcerning the
‘'machinery of a ship.

LOG ROOM: Engineer’s office aboard ship.

LUBE OIL PURIFIER: A unit that removes
water and sedlment from lubricating oil by
centrifudal force. -

-

MACHINABILITY: The ease with which a
metal may be turned, planed, milled, or
otherwise shaped.

_ MAIN CONDENSER: A heat ex hnger wluch
converts exhaust steam to feedwatgr.

»

MAIN DRAIN SYSTEM:.
pumping brlges consists
asgc\)mated piping. '

System used for
of pumps and

MAIN INJECTION (sc00p injection):  An
opening in the skin of a ship through which
cooling water. i elrve d to the main condenser
and m; in, ooler_by the forward motion
“of the ship. -

R

MAKEUP FEED: Water of required purity for
use in ship’s boilers. This water is needed to

replace that lost in the steam cycle. o
+ - o . ‘~:f‘
v - ”
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MALLEABILITY: That property of a material
which enables it to be- stamped, hammered, or
rolled into thin sheets.

MANIFOLD: A fitting with numerous
branches which conveys fluids between a large
- pipe and several smaller pipes.

MECHANICAL ADVANTAGE (MA): The
advantage (leverage) gained by the use of devices
such as a wheel to open a large valve, chain falls
and block and-“tackle to lift heavy weights, and
wrenches to tighten nuts on bolts. -

MECHANICAL ,CLEANING: A method of
cleaning the firesides of boilers by scraping and
wil:e-b,rushing. " )

M‘IC(ROMHOS: Electrical units used with

salinity indicators to measure the conductivity

of water. \

&

MOTOR GENERATOR SET: A machine
which consists of a motor mechanically coupled
to a generator and usually mounted on the same .
base.

NAVY BOILER COMPOUNDM A powdered
chemical mixture used in boilenwiter treatment

to convert scale-foi‘m}nj]s'alts intonsludge.

NAVY SPECIAL OIL (NSFO): The .
grade of fuel oil tifat the Navy uses in’combatant
" ships. / ‘ o

P .
NIGHT ORDER BOOK: A notebtg;
containing standing and special. instructions

from the engineer officer to the -night

.engineering officer of the watch. v
. qA - . ’

NITROGEN: An inertegas which will not .

support - life or combustion. Used in recoil
systems "apd other .spaces that require an inert
, atmosphere.” ' : ' R
Metals that are
element or

" NONFERROUS METAL:
* compesed primarily of .- some
elements other than iron. .

OFFICER OF THE WATCH (OOwW):
on duty in the engineering spaces.

~
¥

OIL KING: A petty officer who recéives, '

transfers, discharges, and tests fuel oil and
maintains fuel oil recorgs, -

OIL POLLUTION ACTS: /The Oil’ Pollution
Act of 1924 (as amended) ahd the Oil Pollution
Act of 1961 prohibit the overboard ischarge of

oil or water. which contains oil, in port, in any -

sca area within 50 n¥les of land, and. i special
prohibited zones. } ¢

ORIFICE: A smajl opening.
OVERLOAD RELAY: An_electrical, protective
device which -autorhatically- trips when_a circuit
draws excessive current. :

A .
OXIDATION: The process of various elements
and compounds combining_with oxygen. Th¥

~corrosion of metals is generally a form of

oxidation; rust on i;on, for example, is iron

- oxide or oxidation. . ' B

simildr figure.
0

PANT, PANTING: X series of pulsations
caused by minor, recurrent explosions in the
firebox of a ship’s boiler. Usually caused by a
shortage of air. ’ )

! , /
PERIPHERY: The curved line which fofms the
boundary of a circle (circumferepge), ellipse, or

'PITOMETER LOG: ‘Device that indicates the

speed -of a ship and the distance tr.aveled‘bj/'
Measuring water pressure on a tube projected

 outside the ship’s hull.

; PLASTJEI”I"Y'. That brOperty which enables a_

&

material to be excessively and, permSan‘er}tly.
deformed without breaking. f ,

PNEUMERCATOR:
used to measure the€Zvolume of liquid in tanks. -

PPM (parts per'million): Comparison of the/
number of .parts-of a substance’ with a milli;zn/

. parts of another substance. Used to measure the
salt content of water.

)

Officer  'PREHEATING: The application of h
W Rase metal before it is 4§elded or cut.
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A type. of manometer
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PRIME MOVER: The source of motion—as a
turbine, automobile engine, etc.

PUNCHING TUBES: Process for'cleaning.the
interiors of boiler tubes.

Ll
RADIATION, HEAT: Heat cmitted in the
form of heat waves. T i

REACH?RODS: * X length of-pipe or back stock
used as an extension on'valve stems. '

REACTION TUREINE: A turbine in which the
“major part of the driving:force is received from

the reactive force of steam as it leaves the |

blading.

REDUCER: -Any Loupiing or fitting which
connects a large opF*ng to a smaller pipe or
hose. :

'REDUCING VALVES: Automatic valves that
provide a steady pressure lower than the supply
pressure. - ) -

' .- A

.REDUCTION GEAR: A set of gears that
transmit the rotation of one shaft to-another
a slower spéed. ' :

-ship "or " a
authorized

REEFER: A provision
refrigerated compartment.
abbreviation for refrigerator.

cargo
An

REFRACTORY: Various types of heat
resistant, insulatinfg material used to line the
insides of boiler furnaces.

RE,FRJGERANT 12 (R-12):
gas used in air conditioning and refrrgeratron
. systems,

REGULATOR (gas): _An instrument that
controls the flow of gases from compressed gas
cylinders.

REMOTE OPERATING GEAR: Flexible
cables attached to valve wheels so the valves can

be operated from another\compartment

o ¥

RISER A vertical2pipe leadlng off a large ‘one.
Example a f;reman riser.

(

B

o

A nonpo:sonous'

ROOT VALVE: A valve located where a
branch line comes off the main line.

ROTARY SWITCH: An electrical switch which

closes or opens the circujt by a rotating motion.
. \ B

ROTOR: The rotating part of a turbine, pump,

or electric motor. -. P

SAE: Society of Automotive Engineers.
SAFETY VALVE: An automatic, .quick
opening and closing valve which has a reset
pressure lower than the lift pressure.

‘
.

SALvINITY: Relative salt content of water.

SALINOMETER: A hydrornetey that measures
the concentration of salt in a solution.

o

RATION PRESSURE: The pressure
corrésponding to the saturation tem,peratlire

SATURATION TEMPER.ATURE Temperature

.4

%
/

“at which a liquid boils undef- a given

pressure. For any given saturation tem-. .

perature there is a corresponding satura-
@

3

184

tion pressure.

-

SCALE: Undesirable deposit, mbstly ealc”rum
sulfate, which forms in the tubes of boilers.

SECURE: To make fast or safe- the order
given_on completron of a drill or exercjse. The
prosedure - followed when any piece of
equipment is to be shut down.

SENTINEL VALVES: Small relief valves used -
primarily as a warning device.

SHAFT ALLEY:: The long compartment of a
ship in which the propeller shafts revolve.

SKETCH:* A rough drawing indicating major
features of an object to be constructed.

SLIDING FEET: A mounting for turbines and
boilers which allows for expansion
contraction. . ‘

SLUDGE: The sediment left_in fuel oil tanks.

- and |
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SOLID COUPLING: A device that JO s two
shafts rigidly. ‘&

SOOT BLOWER: Soot removal device
uses a steam jet to clean the firesides of a boiler.

SPECIFIC HEAT: The amount of heat
required to raise the temperature of 1 pound of
a substance. | °F. All substances are compared to
water which has a specific heat of | BTU/Ib/°F.

SPEED-LIMITING GOVERNOR: A device

. that limits the rotatlonal speed of a pnme

y

- STANDBY. EQUIPMENT.

over.

SPEED- REGULATING GOVERNOR: A
device that maintains a constant speed on a
piece of machinery that is operating undex
varymg load condmons .

SPLIT PLANT: A. method of opératmg
propulsion plants so that they are divided into
two or more separate and complete units.

SPRING BEARINGS: Bearmgs positioned at
varying intervals along a propulsion shaft-to help
keep it in alignment and to support ltS weight.

Two ldentlcal
auxiliaries that perform oneJfunction. When one
auxiliary is running, the standby is so connected
that it may be started if the first fails.

alone as related to bodies at rest or in bal

o

STRENGTH: The ability of a material to resist
strain.

STRESS: A force which produces or tends to
produce, deformation in a metal.

STUFFING BOX* 'A device to prevent leakage
- between a moving and a fixed part in a steam
engmeermg pl:

STl}FFlNG TUBE: A packed tube that makes
a watertnght fitting for a cable or small plpe
passing through a bulkhead. —
SUMP: A container, compartment, or reservoir, |
used as a dram or receptacle for fluids.

SUPI:RHEATER A unit in the boiler that drys
the steam and raises its temperature.

i

'SWASH PLATES: Metal plates in the lower
part of the steam drum that prevent the surging
.of boiler water with the motion of ¥he shxp,,

SWITCHBOARD: A panel or group of panels,
with automatic protective devices that distribute
electrital power throughout the ship.

TAKE LEADS’/ ‘A method of determining
bearing clearance.

TANK TOP: Top side oank section or

STATIC: A force exerted by reason of\W}ii .double bottom of a ship.

STEAMING WATCH: Watches stood when the

main engines
underway.

are in use and . the ship is

L@

STEAM LANCE: A device that uses low
pressure steam to remove 350Gt fiuan iunside
boilers and to remove carbon from boiler tubes.

STEERING ENGINE:
turns the rudder.

The machinery that

STERN TUBE: A watertight enclosure for the
propeller shaft. .

STRAIN: The deformation, or change in shape,
of a material which results from the weight of

+ the applied load.

EKC
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TDC (top dead center): The position of a
recnprocatmg piston at its uppermost point of
travel. :

TEMPERING: +~The heating and controlled
cooling of a metal to produce the, desired
hardness

THIEF SA

PLE: A sample of b}l or water
taken fro

sth s tank for analysns

THROTTLEMAN: Manp in the engineroom who
operates the throttles to control the main
-engines.

THRUST BEARING: A bearing that limits the
end play and absorbs the axial thrust of a shaft.
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TO BLOW TUBES: To use steam to remove
soot and carbon from the tubes of steaming
boilers.

14

TOP OFF: To fill up, as a ship tops off, w1th
fuel onl before leaving port.

.,TOUGHNESS: The property of a mater‘ialv
which enables it toug?thstand shock as well as to
be deformed witho. breaking.

TRANSFORMER: An electrical device used to
step up or step dowryan a-c voltage.

TRICK WHEEL: / A steering wheel in the
steering enginéroom or emergency steering
station of a s.hjp. y e

TUBE EXPANDER: A tool ‘that expands

replacement tubes into their seats in boiler-

drums and headers. @

TURBINE: A multlbladed rotor dnven by
steam or hot gas.

TURBINE JACKING GEAR: A motor-driven
gear arrangement that - slowly rotates idle
propulsnon shafts and turbines.

TURBINE STAGE: One set of nozzles and the
sucgeedmg row or rows of moving blades.

UPTAKES (exhaust trunks): Large enclosed
passages for exhaust gases {o move ‘from*boilers
to the stacks. .

VENT: A valve in a tank or compartment that
primarily permits air to escape.

VENTURI INJECTOR: A device used to wash
the firesides of boilers. -

" VOID:

WELDING LEAD:

(A small empty compartment 'l{@low :
decks. -

VOLATILE: The term that describes a hquld
which vaporizes quickly.

e .
VOLTAGE TESTER: A portable instrument

" thatetects electricity.

WATER TUBE BOILER: Boﬂer%i'n‘ which the
water flows through the tubes and is heated by .
the gases of combustion.

WATER WASHING: A method of cleaning the
firesides of boilers to reTove soot and carbon.

The conductor through.
which electrical current is transmitted from the
power source to the electrode holder and
welding rod.

WHELPS: Any of the ribs or ridges on the
barrel o{ a capstag or windlass. "

WIPED BEARINGS: A bearing in which the
babbitt has melted because of excess heat.

WIREWAYS: Passageways between decks and
on"the overheads of coi}fpartments that contain
electric cables.

WORK REQUEST: Request i%led to naval
shipyard, tender, or fepair ship for repairs.’

ZERK FIT@G: A small fitting to which a
grease gun can be applied to force lubricating
grease into beanngs or moving parts of
machinery, 4

ZINC: A metal placed in saltwater systems t&
counteract the effects of electrolysis.

-
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THE METRIC SYSTEM

¢

" The metric system was developed by French
scientists in 1790 and was specifically designed
to be an easily used system of weights and
measures to benefit science, industry, and
commerce. The metric system is calculated
entirely in powers of 10, so one need not work
with the various mathematica} bases used with
the English system, such as 12 inches to a foot,
3 feet toa yard, and 5280 fect to a mile.

The system is based on the “meter” whichi is
one ten-millionth of the distance from the
Equator to the North Pole. It is possible to
develop worldwide standards from this base of
measurement. The metric system of weights is
based on the gram, which is the weight of a
specific quantity of water.

‘ Soon after the system was developed
scientists over the world adopted it and were
able to deal with the ‘mathematrs of their
experiments more easily. The data and
particulars of their work could be understood by
other scientists anywhere in the world. During
the early 19th century many Eurapean nations
adopted the new system for engineering and
commerce. It was possible for these countries to
trade manufactured goods with one another
without worrying whether it would be possible
to repair machinery from another country
without also buying special wrenches and
measuring tools. Countries could buy and sell
machine tools and other sophisticated and
precision machinery without troublesome
modifications or alterations. It was much easier
to teach the metric system, since meters can be
changed~td kilometers or centimeters with\ the
movement of a decimal point, which is roughly

- like being able to convert yards to miles or

inches by adding zeros and a decimal instead of
multiplying by 1760 or dividing by 36.

v -

Q
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With the exception of the United States; all
the industrialized natians of the world have
adopted the metric system. Even England and
Canada are changing from their traditional
systems of measure, and the n},etric system will
be almost universal by 1980. )

Although the metric system has not been
officially legislated by the Congress, the metric
system 1s becoming more  prominent in this
country. Most automobile mechanics own some
metric_wrenches to work on foreign cars or
foreign components in American cars. Almost all
photographic equipment is built to metric
standards. Chemicals and drugs are usually sold
in metric quantities, and *‘calorie counters” are
using a metric unit of thermal energy.

Because we are allied with countries who use
the metric system, much of our military
information is in metric terms. Military maps use
meters and kilometers instead of miles, and’
many weapons are in metric sizes, such as 7.62

mm, 20 mm, 40 mm, 75 mm, and 155 mm.

187

Interchange of military equipment has caused a
mixture of metric + and English  measure
equipment since World War | when the army
adopted the French 75 mm field gun, and World
War Il when the Navy procured the Swedish 40 -
mm Bofors and the Swiss 20 mm Oerlikon heavy
machine guns.

It is inevitable that the United States will
officially adopt the metric system. Exactly when
this happens and how rapidly the changeover
will depend on economics, since the expense of
retooling our industry and commerce to new -
measurements will be very great. The cost of
conversion will be offset by increased earnings
from selling machinery and products overseas.
Another benefit is that scientists use the metric
system, but their calculations now have to be
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translated into English measure to be used by
industry. With adoption of the metric system
ideas can go directly from the drawing board to
the assembly hne. N

The Navy will be using the metric system
more during the next few ycars. Although you
will find 1t ecasier to solve problems using this
system, at first you will find 1t difficult to
visualize or to estimate Quantitics 1in unfambhar
units of measure.

Fortunately, many metnic unit§ can be
related to equivalent umts in the English system.

The meter which is the basic umt s
approximately ()nc-tcnth‘ongcr than a yurd.}

The basic @mt of volume, the liter, 1
approximately one quart. The gram s the weight
of a cubie centimeter, or milliliter, of pure water
and is the basic unit of weight.- As a common
weight  though, the kilogram, or kilo, which
equals the weight of a liter of water, weighs 2.2
pounds. The cubic centimeter (cc) 1s used where
we would use the square inch. and where we
measure by the fluid ounce, the metric system
employs the milliliter (ml). For power measure
the metric system uses the kilowatt (kW), which
1s approximately 1.3 horsepower.

In terms of distance, a land nfile s
cight-fifths of a kilometer and a nautjcal{mle is
| 852 kilometers, or nearly 2 kilometery '

A basic metric expression of pressure
kilogram per square ¢entimeter, which is
psi. nearly | atmosphere of pressure.

When working on foreign machinery, you
may notice that your-half-inch, threequarter
inch, and. one-inch wrenches will fit many of the
bolts. These sizes correspond to 13 mm, 19 mm,
and 26 mm respectively in the metric system,
and are very popular bdfause they are
interchangeable. The 13/148
wrench, which is standardZf
intended to fit a 20 mm ny

this country, 1s

w

The basic quantities of the metric system are
multiphied or divided by powers of 10 to give
other workable values. We cannot casily measure
machine parts in terms of a-meter, so “the
millimeter, or one-thousandth of a meter is used.
For very tine measure the*micron, also called the
micrometer, can be used. It is one-millionth part
of a meter, or one-thousandth of a millimeter.
For small weights the milligram, one-thousandth
of a gram is used. All of these multiples are
expressed with standard prefixes taken from
Latin:

micro = 1/1,000,000
milli = 1/1,000
centl = 1/100
*dect = 1/10
- *deca = |0
"{:ccto = 100
ilo /= 1,000
*myra = 10,000
mega = 1,000,000

* Rarely used

Over the next few years the metric system
will become more used by the Navy as well as by
the civihan world. You will find it casy to work
with once you have mastered the basic terms. It
will be difficult to translaty values from our °
present system to the metric syste
operation will become unpecessary o
measurements are totally adopted.

Tables of equivalent English measure and
metric equivalents are essential when you work

simultancously with both systems. The table

which follows shows the equivalent measures of
the two systems. The columns on the left have
the equivalent values which are accurate enough
for most work, and, on the right are the
multiples used to convert the values with a high

‘degree of accuracy.




Appendix 11-THE METRIC SYSTEM

THESE PREFIXES MAY BE APPLIED
TO ALL SI UNITS

1 000 000 000 000 = 10" tera (tér'c)
1 000 000 000 = 10° giga (ji'ge)
1000000 = 10 mega (még’'a) M*
1000 =10 kilo (kil') ke®
100 = 10° hecto (hék'ts) h
10 = 10  deka (d&k’a) da
0.1 = 10" deci(dési)  d
0.01 = 10° centi(sén‘th c*
0.001 = 10" milli(milf) m*
0.000 001 = 10* nifcro (mi'krd) u *
0.000 000 001 = 10° nano (ndn'd) n
0.000 000 000%001 = 10" pico (pe'kd) p
0.000 000 000 000 001 = 10™ femto (fém’td) f
0.000 000 000 000 000 001 = 10°* atto (3t't5) a

Bluitiples and Submultipies Prefixes Symbels
T
G

*Most commonly used
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13
Multiply By To Obtain Muttiply By To Obtain

Acres 40.47 Ares Feet .30.48 Centimeters
Acres 4,047 Centares - Feet 0.1667 Fathems
Acres 10 Square chains Feet 0.3048 Meters,
Acres 43.560 Square Feet Feet per Minute 001136 | Miles per Hour
Acres 4,840 Square Yards , Feet per Second 05921 Knots
Ases 002471 Acres Feet per Second 18.288 Meters per Minute
Ares 100 Centares Feet per Second 0.6818 Miles per Hour
Ares 1,076 Square Feet Furlongs 10 Chains
Ares 119.6 Squate Yards Furlongs 660 Feet
Barels (U.S., dry) 3.281 Bushelis Furlongs 40 Rods
Barrels (U.S., hquid) 4.21 Cubic Feet Furlongs 220 Yards .
Barrels (U.S., hquid) s - Gallons Gallons (British) 4,546.1 Cubic Centimeters
Board Feet {I'x1"x1" 144 Cubic inches Galtons (British) . 01605 Cubtc Feet
Cable lengths (U.5.) 120 F athoms Gallons (British) 41214 Cubtc Inches
Cabie lengths (U.S.) 120 Feet Gallons (British) 1.2009 Gallons (U.S.)
Cable lengths (U.S.) 240 Yards Gallons (British) 4.546 Liters
Centares 10.76 Square fedd v Gallons (British) 4 Quarts (Brilish)
Centares 1.196 Square Yards Gatlons (U.S.) 003175 Barrels (hquid,
Cenlimeters 0293 Inches u.s.):
Cubtc Centimeters 006102 . Cubic Inches Gallons (U.S.) 3,785.4 Cubic Centimeters
Chains 66 Feet Gallons (U.S.) 01338 | Cubic Feet
Chatns 100 Links Gatlons (U.S.) 231 Cubic Inches
Chains 4 Rods Galtons (U.S.) 08327 Gatlons (British)
Cubic Feet 1,728 Cubic inches Gallons (U.S.) 3.785 Liters
Cubic Feet 00832 Cubic Meters Gallons (U.S.) 4 Quarts (U.S.)
Cubic Feet 003704 Cubic Yards Grams 15.43 Grains
Cubic Feet 6.229 Gatlons (British) Grams 0001 Kilograms
Cubic Feet 1.481 Galions (U.S.) Grams 1,000 Mithgrams
Cubtc Feel 28.316 Liters Grams 0.03527 | Ounces (avou-
Cubic Inches 16.39 Cubic Centimeters dupois)
Cubic Inches 00005787 | Cubic Feet Hands 10.16 Centimeters
Cubic Inches 0003606 | Gallons (British) Hands 4 inches

. Cubic Inchies 0004329 | Gallons (U.S.) Hectares 2471 Acres
Cubic Inches - 04,0169 Liters . Hectares 100 Ares
Cubic Meters 3591 Cubic Feet Hectolters 01 Cubic Meters
Cubic Meters 1368 Cubto Yards Hectoliters 26.417 | Gallons (U.S.)
Cubic Yards - Cubic Feet - Hectohters 100 & Liers
Cubic Yards 0 7646 Cubic Meters « Hogsheads 2 Barrels (Liqud,
Cubtc Yards 764.6 Liters us)

4 Degrees (C.)+ 17.8 18 Degrees (F.) Hogsheads (U.6.) 63 Gallons (U.S.)
Degrees (F.)-32 0 5556 _._/.D'éﬂ:es (€ Hundredwe ghts 0 508 Quintals (metric)
Oegrees . 001745 /] Radans Inches  ° 1 Ponnts
F athoms 0.00833 Cable Lengths (U, Inches § Prcas
) 5.) Inches ) Ems
Fathoms b Feel Inches 12 Ens
F athoms 18288 Melers Inches 2.54 Centimeters

~ \ - 156 '
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Aruitoxt provided by Eic:

190




9
Appendix II -THE METRIC SYSTEM
L. .
. 2, ,
L8
Multiply By To Odtan " Multiply By To Obtain
_Inches 0.0333 | Feat Miles, Nautical 6,076.1 Feet
Inches ,1,000 Mils Miles, Nautical “1 12983 Inches
Inches 0.0277 | vards Miles, Nautical 1.8532 Kilometers
Inches of Mercury 0.49131 |Pounds per Square Inch| Miles, Nautical W 1,853.2 Metars
Kilograms 1,000 Grams Miles, Nautical 1.1508 Miles, Statute
Kilograms 2.2046 | Pounds (Avoir- . Miles, Nautical 1 Minutes.of
' dupois) ' Latitude
Kilolters 1 Cubic Meters Miles, Nautical 2,026.8 Yﬁs
Kiloliters 1.308 | Cubic Yards Miles per Hour 68 Féat per Minute
+ Kiloliters 264.18 Gallons (U.S.) (NAute)
. Kilolters : 1,000 Liters Miles per Hour 1.467 Feet per Secend
. Kilometers 4.557 Cable Lengths (Statute)
Kilometers 3,280.8 Feet Miles per How 0.8684 Knots
Kilometers . 39,370 Inches Miles, Statte 1.3 Cable Lengths
Kilometers 1,000 Meters Miles, Statute 5,280 Feet
Kilometers 0.5396 |Miles, Nautica Miles, Statute 2 8 (| Fulongs
Kilometers 0.62137 | Miles, Statste Miles, Statute 63,360 %[ Inches
Kilometers 1,093.6 Yads Miles, Statute 1.6093 Kilometers
Knots 11516 | Statute Miles per - Miles, Statute 1,609.3 Meters
Hour , Mites, Statute 0.8689 Miles, Nautical 1
Knots ,1.688 Feet per Second Milgs, Statute 1,760 Yards .
Leagues, Nautical 25.33 Cable Lengths Millier (See Tons ~
Leagues, Nautical 5.5597 [ Kilometers Metric) .
Leagues, Nautical 3 Milas, Nastical Milliradians 206.265 Seconds of Arc
Leagues, Satute 4.8280 | Kitometers Mils 0.001 Inches
Leagues, Statute 3 Miles, Statute . Mynameters 10 Kilometers
Links 192 Inches Ounces (avoirdupois) 28.3495 Grams
Liters 1,000 Cudic Centimeters Pint (Liquid, U.S.) 4 Gills (U.5.)
Liters 61.025 Cubic Inches " Pint (Liquid, Br.) 4 Gills (British)
Liters 0.21998 | Gallons (B1itish) Pint (Liquid, Br.) 0.56825 Liters
Liters 0.26418 | Galtons (U.S.) Pt (Liquid, U.S.) 0.4732 Liters
Liters 0.8799 | Quarts (British) Pounds (avorrdupois) 7,000 Grams
"I Liters 0.908 Quarts (U.S.,dry) Pounds (avoirdupois) 453.59 Grams
Liters “1.0567 Quarts (Liquud, Pounds (avoirdupois) 0.4536 Kitograms
u.s) Pounds (avoirdupois) 16 QOunces
Meters 100 Centimeters Pounds (avoirdupois) 1.2153 Pounds (troy)
Meters 0.001 | Kilometers Pounds (troy) . 0.8223 | guPounds (avorr-
Meters 1.0936 { Yards dupois)
Meters 3.281 Feet Pounds per Square inch 2.03537 Inches of
Méters 39.37 Inches Mercury
Meters * 1,000 Millimeters Quart (British) 1. 1365 Liters
‘ Meters 1.0936 | Yatds™ - Quart (British) - 2 Pints (British)
Meters per Minute 0.0547 | Feet per Second Quart (Liquid, U.S.) 0.9463 Liters
Meters per Second 2.237 Miles per Hour - Quart (U.S.) 2 Pints (U.S.)
Microns i 0.001 Mitlimeters Quintals (Metric) 1.97 Hundredwe ghts
Miles, Nautical - B.44 Cable Lengths Quintats (Metric) : 100 Kilograms ﬁlf\
167
- .
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Multiply By To Obtain Multiply By To Obtain
Radians 57.30 Degrees Square Miles, Statute 259 Hectares
Rods 163 Fge( Square Miles, Statute 259 r] Square Kilometers
Rods .25 Links Square Yards ~0.8362 Centares
Square Centimeters 1550 Square Inches Square Yards 9 Square Feet
Square Feet 0929 Centares ‘ Square Yards 1,296 Square Inches
Square Feet 929 Square Centimeters Tons (Long), 1.016 Metric Tons
Square Feet 144 . Square Inches-/ Tons (Long) 2,240 Pounds (Avoir-
Square Feet 0.1111 Square Yards dupois)
Square Inches 6.452 Square Centimeters Tons (Metric) 1,000 Kitograms
Square Inches 0.006944 | Square Feet (Milher) ' )
Square Kilometers 100 Heclares -Tons (Metric) 2,204.6 : Pé‘i%s (Avoir-
Square Kilometers 0.3861 Square Miles (Mither) dupois)
(Statute) Tons (Short) 0.9072 | Metric Tons
| Square Meters (See Tons (Short) 2,000 Pounds (Avoir-
Centares) dupois)
Square Miles, Statute 640 Acres Yards 91.44 Centimeters
Square Miles, Statute | 25,900 Ares Yaids 0.9144 Meters
- Va
*
. 4
, /
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A

. A-c generators, 144-146

~ Advancement, preparing for, 1-4
Advancement rewards, 4
Air compressors, 94
Air conditioning equipment, 89
Air registers, 62
Anchor windlass and capstan, 92
Appendix I, glossary, 177-186

. Appendix II, metric system, 187-192
Assembly, boiler, 56-60
Atomizers, 60
Auxiliary machinery and equipment, 88-99
Aucxiliary steam cycle, 53-55

B

Basic steam cycles, 48-55
Batteries, 151

Battle lanterns, 151-153

Bellows gages, 103

Bimetallic dial thermometers, 104
Blowerman, 173

Boiler assembly, 56-60

Boiler technician (BT), 12
Boilermaker (BR), 13

Boilers, 56-71

Boilers, classification of, 62-65
Boilers, new high-pressyre, 68-70
Bourdon tube gages, 100-103
.Burmerman, 173 -

Burners, fuel oil, 60-62

C

Capstan and anchor windlfs, 92
Checkman, 173

&

EX

Classification of boilers, 62-65
. furnace arrangement, 65

location of fire and water spaces, 62
type of superheater, 65
types of circulation, 64

Cold-iron watch, 172

Combustion, 28

Condensation‘:'gﬁ .

Constant-pressufépump governors, 125-128

Converting power to drive, 3846 .
clutches and reverse gears, 4&6
reduction gears, 39-41

Cranes, 95
D
D-c generators and exciters, 144 9 »
) @
Damage control assistant, 8 L.

_Diaphragm gages, 103

Diesel-driven generators, 146
Diesel electric drive, 35
Diesel engine drive, 36-38

" . Diesel engines, 158-165

193

air sftem, 160

‘cooling system, 163

fuel system, 161

lubrication system, 162

power system, 159

starting systems, 164 —

valve mechanism, 160
Diesel-powered boat operation, 169
Distant-reading dial thermometer, 104
Distilling plants, 90

E

Electric motors, 150

motor controllers, 151
d-c and a-c motoys, 150/§\

199 :
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Electrical equipment, shipboard, 143-155
Electrical officer, 8
Electrical safety precautions, 154
Electrician’s Mate (EM), 13-15
Flectricity introduction, 143
~electric current, 143
electromotive force, 143
resistance, 144
watt, 144~ b
Elevators, 96-98
Energy, 18-
Engineer officer, 5
Engineman (EN), 11
Equipment, portable, 151-153
Evaporator watch, 175
Expansion, 49-51
Engineering department, 5- 16
Engineering department organization, 5-10
Engineering department ratings, 10-16
boilermaker (BR), 13
boiler technician {BT), 12
electrician’s mate (EM), 13-15
engineman (EN), 11
% hull maintenance technician (HT), 15

interior communications eleetrician (IC), 15

machinery repairman (MR), 12

machinist’s mate (MM), 10

molder (ML), 15

patternmaker (PM), 15
Engineering fundamentals, 17-30
Engineering instm‘:&;‘%l 12-115

engif¥e order telégraph, 114

lube oil pressure alarm, 114

salinity indicator, 113

smoke indicator, 113

steam flow indicator, 112

superheater temperature alarms, 112
Engineering watchesp 71-176

F

Feed, 51-53
Fire marshal, 9
Fireman rate, 1-3
Fireroom safety precautions, 70-
Fluid meters, 107-109 “
Force, 17
Fuel oil burners, 60-62
air registers, 62
atomizers, 60
Furnace arrangement, 65

Gage glasses, l(?g

Galley equipment, 99
Gas-free engineer, 9
Gas turbine engines, 166-169
comparison of gas turbines and
reciprocating engines, | 67
components of gas turbine engines, 168
Gaskets and packx(ng, 137
Gasoline engines, 165"
Geared-turbine drive, 31 33
Generation, 49
Generator and distribution switchboards, 148
Generator types and drives, 144-147
a-c generators, 144-146
d-c generators and exciters, 144
diesel-driven generators, 146

1

ship’s service turbine-driven generators, 146 ~

Glossary, appendix I, 1 77-186

"H
High-pressure boilers, new, 68-70

Hull maintenance technician (HT), 15
Hydraulics principles, 22-24

Information sources, 3

Instruments, 100-115

Interior communications electrician (IC), 15
Internal combustion engines, 156-170

=

) L

Laundry equipment, 99 /
Lighting distribution systems, 154
Liquid level indicators, 106
gage glasses, 106
tank gaging system, 106
Liquid-in-glass therthometers, 104-106
bimetallic dial thermometers, 104
distant reading dial thermometers, 104
pyrometers, 105,
Lower level watches, 174

@ lube oil pump, 174

main gondensate pump, 175
main feed pump, 174 =

S
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Lube oil pressure alarm, 114
Lube oil purifiers, 93
Lubrication, 84-87

i
M

Machmery‘\&mi eqmpment auxiliary, 88-99
Machinery repairman (MR), 12
Machinist’s mate (MM), 10
‘Main propulsion assistant, 7 Q@“{
Main propulsron double-reductlon gearing, "e\i\‘
§1-83
Main steam cycle, 49-53
condensatiog, 51
expansion, 49-51
feed, 51-53
generation, 49
Manometers, 103
Messenger of the watch, 171
Metals, 29
Meters, fluid, 107-109
Metric system, appendix II, 187-192
Molder (ML), 15

N

NBC defense officer, 8
Naval boilers, other, 65-68
New high-pressure boilgrs, 68-70

0

Operation of small boat engines, 169
diesel powered boat operation, 169
gasoline engine operation, 170
Organization of engineering department, 5-10
damage control assistant, 8
department administrative assistant, 6
department frajning officer, 7. :
division officerd, 9
electrical ofﬁcer,, 8 ®
engineer officer, 5
enlisted personnel,-9
fire marshal, 9
gas-free engineer, 9
main propulsion assistant, 7
NBC defense officer, 8
technical assistants, 9

P

Packing and gaskets, 137
Patternmaker (PM), 15

Physics, 17-29

combustion, 28
energy, 18
force, 17
laws of gases, 19
mass, weight, and inertia, 17
power, 19
pressure and vacuum, 20-22
principles of hydraulics, 22-24
principles of pneumatics, 24-27
.speed, velocity, and acceleration, 17

' steam, 29
temperature, 27
work, 18

Piping, 134-137
pipe fittings, 136 .
piping definitions, 134-136
piping materials, 136

Pneumatics principles, 24-27

Portable equipment, 151-153
battle lanterns, 151-153
portable extension lights, 153
portable tools, 153
sealed beam lights, 153

Power distribution systems, lSj‘g
Preparing for advancement, 1-4
Pressure gages, 100-1%}

bellows gages, 103

Bourdon tube gages, 100-103

» diaphragm gages, 103
< manometers, 103

jPrinciples of ship propulsion, 31
Propeller, 46 N
Propulsion, ship, 31-47 \y
Propulsion units, typical, 31-38
Pump governors, constant-pressure, 125-128

Pumps, 116-125
centrifugal, 122
jet, \l 24
propeller 123
reciprocating, 117-121
rotary, 121
Pyrometers, 1\05

O
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R ’ T,
Ratings, engineering department, 10-16 ' Tank gagin'g system, 106
Reciprocating engines, 156-158 ’ v Thermometers, liquid-in-glass, 104-106
ignition principles, 156 Thermometers and pyrometers. 103
operating cycle, 156-158 Throttle watch, 173

Reduction gears, 39-41, 81-87
lubrication, 84-87 :
main propulsion, double-reduction
gearing, 81-83 '
reduction gear construction, 83 Turboelectric drive, 33-35

Refri ti i . . .
efrigeration equipment, 83 Typical propulsion units, 31-38

Resistance, 144 - diesel electric drive, 35
Reverse gears and clutches, 41-46 diesel engine drive,’36-38‘

Revolution counters and indicators,-109-112 geared-turbine drive, 31-33

turboelectric drive, 33-35

Turbines, 72-81 °
classification of turbines, 72-77
construction of turbines, 77-81-

S
U
Safety precautions, electrical,l 54
Safety precautions, fireroom, 70 Upper level watch, 175 .
Salinity indicator, 113 . ¢
‘Sealed beam lights, 153 v
Shaft alley watch, 175 ~—

Ship propulsion, 31-47

Ship propulsion principles, 31 Vacuum and pressure, 20-22

Shipboard electrical equipment, 143-155 Valves, 128-134
Shipboard electrical systems and connections, check, 130
153 reducing, 133
lighting distribution systems, 154 i relief, 132
power distribution systems, 154 ) ' safety, 134 ’
shore power connections, 154 stop, 128-130
Ship's service turbine-driven generators, 146 stop-check, 131
Small boat engines, operation of, 169 throttle, 132
Smoke indicator, 113 . Al
Sounding and security watch, 171 . _
soundings, 172 w
+ Steam, 29 g - L
Steam cycles, basic, 48-55 Watch, 171-175 °
Steam flow indicator, 112 . cold-iron, 172 .
Steam traps and drains, 140-142 evaporate, 175
Steam turbines and reductlon gears, 72-87 lower level, 174 ¢
Steering gears, 91 messenger, 171
Strainers, 137-140 shaft alley, 175
Superheater temperature alarms, 112 throttle, 173 ‘ s
Superheater, type of, 65 _ . upper level, 175
Sw1tchboards 147-150 Watch messenger, 171
components of a switchboard, 148-150 Watches, engineering, 1 71-176
;g}g generator and dlstnbutlon sw1tchboards - Watt, 144
L v Winches, 98
L
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OCCUPATIONAL STANDARDS

]

PFiremen ,(FN)‘ train for one of the general or.service ratings of Enginteering and Hull Group VI
Firemen stand messenger, cold iron, and fire watches; clean engineering spaces and equipment;
make minor repairs to engineering equipment; record readings of gages; participate in general
drills; and perform general detail duties. -

-
-

- » '
The observance of proper safety precautions in all areas is an integral part of each billet and the
. responsibility of every Navy man and woman: therefore, it is a universal reqpirement for all ratings.

OCCUPATIONAL STANDARDS v | - ~  Covered
: |
C Assignment
25 NAVAL ORIENTATION AND ORGANIZATION

25251 Identify 6rganizational structure of the engineering department |

28286 Read a three-view working drawing o 1
- 3 '
L .
28287 Use damage-control drawings to locate principal valves in main 1,4,5
steamline . N . o

30 MECHANICAL MAINT/OPERA-AUX EQUIPMENT

30609 _ Locate refrigeration equipment, ancl%or windlasses, distilling 4,5 ,
plants, compressors, steering engines, cranes, elevators, winches, .
and the following pumps: fuel oil service, fuel oil transfer, fire \->
and flushing, fire and bilge, main lubricating oil, fresh water, .

condensate, main circulating, main feed, main feed booster, aSld
emergency feed pump

30610 Operate centrifugal and reciprocating pumps ﬁsing checkoff - 4,5
sheet :
30611 Define functions of the following auxiliary equipment: air 4,5

— " compressors, distilling plants, refrigeration\ plants, fuel oil
heaters, lube oil coolers, main and auxiliary condensers, air '
ejector condenser assembly, a.c. and d.c. generators and motors,

and pumps - : .
. 197 , | \\
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OCCUPATIONAL STANDARDS - ¢ - Covered
- - s "Assignment
31 MECHANICAL MAINT/ORERA-PROPULSION o
. 4
31376 Read fuel, water,- oil, air &nd steam’gages, indicators, and. \L 4,6y .
% thermometers - ' S - \
. h ! ) . T e '
31377 Identify basic types and component parts of: : Ly m
A. Naval boilers - . - . 3'
B. Steam turbines ] o L
C. Reductign gears . L 23 . :
D. Propeller and shafting . - : - & "2 o
E. Shipboard electrical systems L 5
F. Internal @ombustlon engines ' e . L6
31378 Define functlons of valves found in engineering systems 4.5
31379 Perfsgm functions of boat engineer., . . .1 ‘
»31380 Replace gaskets and repack valves in low pressure steam and .S, )
water piping systems . » ¢
~ v " J'\l
31381 Perform minor epgine maintenance . . 6
) \ ’ . ’ )
31382 Trace path of main steam from boiler to engine and ‘back to 1,4,3 : ‘
: boiler, naming tial fittings, piping, and main machmery o
. through which m\: ’ . .
Y , )
31383 Define principles of mair-and auxiliary steam cycles ‘\ 2
/31384 - Define basic principles of: ‘ j
: A. ' Mass, weight, and inertia T : 1,2
'B. Force,/energy, and power : A R 1,2 A
C. . =velocity, and acceleration’ . 1,2 &
D.”” Pressure and vacuum * _ 1,2 N
' ) E. Hydraulics and pneumatics - : 1,2
° F.  Combustion, heat, and-temperature . . “ 1,2
.ov 31385 ° Recognize co;nmdn engirieering terms and pomenélatﬂre .
& . ‘
31386 -, Assist in performance of’ mamtenance .using maintenance . -1 .
requnrement cards (MRQ)- ; ) :
1' _131387 ‘Use weekly 3—M"SChc;duLe to determine mafnténan‘ce assignments 1
. 38 ADMINISTRATION S ' - . ‘
. | : ] e . _» !
38001  File-ship’s blueprints . . 1 )
)‘\""' " - .
? 198 ) . . N




OCCUPATIONAL STANDARDS

~

* 42 GENERAL WATCHSTANDING

42242° Stand following engineering watches:

A. Fire watch o
B. Messenger™ .
C. Cold iron

D. Sounding and security watch

42243 in required records at watch station
94 MECHANICAL MAINTENANCE
94368 Use and rﬁaintain handtools

, 94369 Use lu;‘ricating oils and g;ezﬁlsers

|~
\’
A
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FIREMAN

L , . NAVEDTRA 10520t .

» 0 ,
Prepared by the Naval Education and Training Program Dovelopmens

Center, _

Your NRCC contains 4 skt of assign-
ments and self-scoring answer sheets
{packaged separately). The Kate Trainipg
Manual, Fireman, NAVEDTRA 10520-E, is
your textbook for the NRCC: If an errata
sheet comes with the NRCC, make all indi-
cated changes or corregtions. not

change or correct the textbook ssign- -
lments in any other way.

re

‘

HOW TO COMPLETE THIS COURSE SUCCESSFULLY

e textbook pages given at

of each assignment before

the items. Pay attention

ustrations as they

information. Making your x
own drawings can help you understand thé
subject matter. Also, read the Jdearning
objectives that precede the sets of items.
The learning objectives and items are
based on the subject matter or study
material in the textbook. The objectives

4+ tell you what you should be able to do
by studying assigyrned textual material

;;and answering the items.

contain a lot of

A ] -
At this point you should be ready

4 to answer the items in®* the assignment.
Read each item carefully. ¢Select the
BEST ANSWER for each item, consulting
your textbogk when necessary. Be sure
to select the BEST ANSWER from the

« subject matter in the textbook. You may
discuss difficult points in the course
.with others. However, the answer you
select must be your own. Use only the
self-scoring apsver sheet designated
for your assignmeént. Follow the scoring
‘directions given on the answer sheet
itself and elsewhere in this course.

Your NRCC will be administered by
your command or, in the case of small
commands, by the Naval Education and
‘Training Program Development Center.
No matter who administers your course
You can complete it successfully by
earning grades that average 3.2 or

ERI

Aruitoxt provided by Eic:

Pensacola,

~ . '

Florida

’
L4

higher. If you are on active duty, the

average -of your grades in all assign-

ments must be at least 3.2. If you are

NOT on active duty, the average of your

grades in all assignments ¢of each s
creditable unit must be at least 3.2.

The unit breakdown of the course, if

any, is shown later under Nawval Reserve
Retirement Credit.

WHEN YOUR.COURSE IS ADMINISTERED
BY LOCAL COMMAND

As soon as you have finished an i
assignment, submit the completed gelf-
scoring answer sheet to the officer
designated to administer it. He will
check the accuracy of your score and-
discuss with you the items that you do
not understand. You may wish to record
your score on the assignment itself since
the self-scoring answer sheet is not
returned.

If you are completing this NRCC to
become eligible to take the fleetwide
advancement examination, follow a
schedule that.will _enable you to complete
all asgignments in time. Your schedule
should(call for the completion of at
least bne assignment per month. r

.

Although you complete the course
successfully, the Naval Education and
Training Program Development Center will
not issue you a letter of satisfactory
completion. Your command will make a note,
in your service record, giving you credit'
for your work.

WHEN YOUR COURSE IS ADMINISTERED
BY THE NAVAL EDUCATION AND TRAJNING
PROGRAM DEVELOPMENT CENTER '

After finishing an assignment, go
on to the next. Rétain each completed
self-scoring answer sheet until you
finish all the assignments in a unit (or
in the course if it is not divided into
units). Using the envelopes provided,




mall your gelf-ocored anower cheeto to the
Naval Bducation ond Training Program
Dovelopment Center where the ocores will
bo verified and rocorded. Moke pure all
blanks at the top of ¢each answer shdet
are filled in. Unlessc you furnish all the
information required, it will be
impogpible to give you cxedit for your
work. You may wioh to r;§3;¢ your ncores
on the ansoignmento since e self-ogcoring
ancwer cheeto are not returned.

The Naval Education and Training
Program Development Center will isgue a
letter of opatiofactory completion to
certify successful completion of the
course (or a creditable unit of the
courge). To receive a course-completion
lettér, follow the directions given oa
the course-completion form in the back
of this NRCC.

4

You may keep the textbook and
assignments for this course. Recurn them
only in the event you disenroll from the
course or otherwise fail to complete the
courgse. Directions for refurning the
textbook and assignments are given on the
book-return form in the back of this
NRCC.

PREPARING FOR YOUR ADVANCEMENT
EXAMINATION

Your examination for. advancement is
basedl on the Manual of Navy Enlisted Man-
power and Personnel Classification and
Occupational Standards (NAVPERS 18068-D).
The sources of questions in this examina-
tion-are given in the Bibliography for Ad-
vancement Study (NAVEDTRA 10052). Since
your NRCC and textbook are among the
sources listed in this bibliography, be
sure to study both in preparing to take
your advancement examination. The stand-
ards for your rating may have changed
since your course and textbook were
printed, so refer to the latest editions
of NAVPERS 18068-D and NAVEDTRA 10052.

g

NAVAL RESERVE RETIREMENT CREDIT '

Thio course 10 evaluated at 10 -Naval
Reperve retirement pointo. Theoe points
are creditable to personnel eligible to
receive them undor current directiveo
governing retirement of Naval Regerve
porsonnel. Pointo will be credited upon
satisfactory completion of the entire
courge.

.

OOURSE OBJECTIVE

When you complete this course, you
will ha® a broad concept of how the
engineering plant works from the beginning
of the steam cycle in the fireroom through
the engineroom and return to the fireroom.'
You will have a general knowledge of the
piping and auxiliary systems needed to
operate a steam plant. You will have a
broad view of the electrical distribu-
tion system, damage control, and small "’
boats. You will have been introduced
to the engineering®plant organization
and the types of watches stood by
engineering personnel.

the text.

decisions.

While working on this nonresident
career course, you may refer freely to
You may seek advice and instruc-
tion from others on problems arising in
the course, but the solutions submitted
must be the result of your own wark and
You are prohibited from re-
ferring to or cupying the solutions of
others, or giving completed solutions to
anyone else taking the game course.

207
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Naval nonresident career courses may include a variety of {tems -- mult1ple-cho1ce§:igue-fu)se.
matching, etc. The {tems are not grouped by type; regardless of type, they are presented in the same
general sequence as fhe textbook material upon which they are based. This presentation {s designed
to preserve continuity of thought, permitting step-by-step development of {deas. Some courses use
many types of items, others only a few. The student cgn readily identify the type of each {tem (and
the action required of him) through {nspection of the amples given below,

' MULTIPLE-CHOICE ITEMS
tach item contains several alternatives, one of HE§Ch provides the best answer to the {tem."
Select the best alternative and erase the appropriate bdx on the answer sheet.

-

' SAMPLE
s-1. The first person to be appointed Secretary of ﬁgfense The erasure of a correct answer {s 1in-
under the National Security Act of 1947 was dicated in this way on the ghswer sheet:
1. George Marshall - “
2. James Forrestal 123 je
3. Chester Nimitz L
4. William Halsey s-1 c

+ TRUE-FALSE ITEMS
Determine if the statement is true or false. If any part of the statement is false the state-
ment is to be considered false. Erase the appropriate box on the answer sheet as indicated below.
.  J

i SAMPLE The erasure of a correct answer {s also
s-2. Any naval officer is authorized to correspond 1:d1§9ted in this way on the answer
officially with a bureau of the Navy Department sheet:
without his commanding officer's endorsement. Tz M3 3
’ £

MATCHING ITEMS L5-2 r ce
Each set of items consists of two columns, each 1{sting words, phrases or sentences. The task

is to select the item in column B which is the best match for the item in column A that is being
considered. Specific instructions are given with each set of {tems. Select the numbers identifying
the answers and erase the appropriate boxes on the answer sheet.

SAMPLE
In items s-3 through s-6, match the name of the shipboard officer in column A by selecting from
column B the name of the epartment in which the officer functions.

A. Officers B. Departments The erasure of a correct answer {s in-
dicated in this way on the answer sheet:
s-3. Damage Control Assistant 1. Operations Department

s-4, CIC Officer o2, Enbineering Department

s-5. Assistant for Disbursin ‘5'3. Supply Department

s-6. Communications Officer

How To Score Your Immediate Knowledge of Results (IKOR) Answer Sheets

1] 2] 3 4 Total the number of {n- Sample only
TH F correct erasures (those Number of boxes , .
Cjt 6 that show page numbers) erased incorrectly| 0-2 | 3-7 | 8-
ClL 9 9 for each item and place
C in the blank space at Your score 4.0 3.9 3.8\
CCif12 1 the end of each item.

Now TOTAL the’column(sl/ﬁf Incorreet erasures and find your score in the Table at the
bottom of EACH answer sheet.

NOTICE: If, on erasing, a page number appears, review text (staFting on that page) and erase again
until “C", “CC", or "CCC" appears. For courses administered by the Center, the maximum
number of points (or incorrect erasures) will be deducted from each item which does NOT have
a "C", "CC", or "CCC" uncovered (i.e., 3 pts. for four choice items, 2 pts. for three choice
items, and 1 pt. for T/F 16@@5).

iid
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Assignment 1

4

Proparing for Advunceme;?:\ﬁggineering Dopartment and Englpeering Fundamentals

Toxntbook Assignment: Chapters 1, 2, and 3 &

In this course you will demonstrato that loarning has taken place by corrsotly answering teach-
ing itemo. Tho moro physieal aot of indicating a choice on an anower sheot io not in itself impor-
tant; it ic the montal achiovoment, in whatover form it may take, prior to the physical act that io
ioportant and toward which nonrestdent career cqurse learning objectives are directed. The selection
of the corroct choice for a nonresident career course teaching {tem indicates that you have ful-
filled, at least in part, the ggﬁted objective(sa). P

Tho accomplishment of certain objectives, for oxample, a ﬁhynicul act such ag drafting a memo,
cannot readily be determined by meana of objective type nonresident career courge items; however, you
can demonstrate by means of anawers to teaching items that you have acjuired the requiaite knowledge
to perform the physical act. The accomplishment of certain other learning objeotivea, for example,
the montal acto of comparing, recognizing, evaluating, choosing, gelecting, etc., may be readily
domonsotrated 8 nonresident career course by indicating the correct answers to teaching items.

reflengive objective for thia courae haa already been given. It atatea the purpose of
the courae iy/terms of what you will be mble to do as you complete the courae.

The detailed objectives &m each aasignment state what you ahould accomplish aa you progress
through the course. They may appear aingly or in clusters of clooely related objectives, aa
appropriate; they are followed by items which will enable you to indicate your accomplishment.

All objectives in this course are learning objectives and items are teaching items. They point
out impaortant thinga, they assist in learning, and they should enable Jou to do a Letter jub for
the Navy.

This aelf-atudy course is only one part of the total Navy training program; ty :tJ very nature
it can take you only part of the way to a training goal. Practical experience, achools, selected
reading, and the desire to accompliah are also neceasary to round out a fully mearingful training
program.

EE
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1-3. The petty officers you asdfst aboard ship
will give you opportunities to perform

Learning Objective: Recognize tbp gen- tasks on youroown before showing yoy..tow
eral duties of a Fireman and identify to do them.
the basic military and professional
requirements for advancement. Textbook 1-4. The knowledge factors of a professional or
pages 1 through 4. . a mpilitary requirement for advancement are
subdivisions of the requirement that: specify
the
i 1. mental skills one must have to
1<1. A Fireman trains for what group of ratings? perform the duties of the rating
1. Ordnance 2. physical-skills one must have to
2. Operations —_ perform the duties of the rating
3 Supply 3. performance tests one must pass
- 4. Engineering 4. physical skill tests one must pass
1-2. Aboard ship, the tasks performed by a =57 The qualification standards for advance-
Fireman include standing security and mentt in rating listed in the Manual of .
fire watches in the engineering spaces Navy Enlisted Manpower and Personnel
and serving as messenger for damage Classifications and Occupational Standards
control repair parties. are the
' l. maximum requirements
2. average requirements
- \ ). minimum requirements
4. suggested, but not necessary require-
ments
1 ) ==y
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1-6.

1-7.

1-8.

1-9.

1-10.

1-11.

Which .of the following publications ghould

you consult to find the military and pro-

fessional requirements for advancement?

1. NAVSEA Journal

2. Manual of Navy Enlisted Manpower and
Personnel Classifications and Occupa-
tional Standards

3. List of Training Manuals and Corre-
opondence Coursgeés

4. Baoic Military Requirements °

Before you can take the examination for
advancement , there must be an entry in
your service record to prove that you have
qualified in the

1. professfonal qual\ficattons .

2. knowledée factors N
3. wmilitary qualifica

4. practical factors

ons

tlpon being trnnsferre:\}é another duty
station, you should make sure that your
NAVEDTRA 1414/1 is

1. among your personal papers

2. retained by your division officer
3. destroyed and a new one started at

your new duty station

in your-@érvice record
The finaf requirement that must be met
before you are eligible to take the
examination for advancement {is ‘the

1. required length of service in pay grade

2. satisfactory completion of the prdc-
tical factors for the next higher rate
3. completion of training manuals for the
next higher rate .
4. recommendation by your commanding
officer
A recommended publication for finding .
titles of reference materials to help
you prepare for your sgervicewide examt-
nation is the latest ‘revision of

Kool

1. Bibliography for Advancement Study
2. NAVSHIPS Technical Manual
3. Manual of Qualifications for Advance-

ment in Rating .
4. Military Requirements for Pétty
Officer 3 and 2
How will you rggognize the training
manuals in the Bibliography for Advance-
ment Study that you must complete to

~ come eligible to take an examination
fo vagcement? .
1. They are listed by title in & special

ERIC
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column under your rating .

2. Their titles are each marked with a
dagger - )

3. They are listed by title "in a, “manda-
tory completion" column

4. Their titles are marked with @ﬁ
asterisk

2.0

1-12. thich of the following publications will
be uwseful to you when you gtudy for
advancement in rating?

1. Tools and Their Useso

2. Blueprint Reading and Sketching

3. Rate Training Manual

4. All of the above

Léarning Objective: Identify the
adminigtrative and operational

functions of the engineering depart-

ment and the eleven Group VII ratingas.
Textbook pages 4 through 16. -

1-13. Men assigned to the engineering department
will probably be called upon to repair
which shipboard equipment?

1. Computers

2 Electri¢ motors

3. Fire control radar sgets
4. Loran gear

1-14. Assistants to the engineer officer éaua}ly
includg%%he
1. dathage cont4ol assistant, repair

& .officer, and electronics officer

2. electrical officer, main propulsion
assistant,.and damage cogtrol
assistant ’

3. main propulsion assistant, C division
officer, and electrica¥ officer

4. damage control assistant, operations
officer, and the main propulsion
assistant

L]

1-15. The duties and responsibilities of the
engineer officer are established by
1. the Chief of Naval Personnel
2. the commanding officer
3. the Naval Ship Engineeri enter/

4. U.S. Navy Regulatiop‘ﬁ/ «Q&‘L"

1-16. Who aids the engineer officer by screening

all his incoming mail and controlling the

issuance of directives which he has

released?

1. Engineering department administrative
asgistant

2. Leading Yeoman assigned to the
engineering department

3. Leading Yeoman assigned to,the ship s
office’

4. A technical assistant assigned to the
engineering department




' »

+ 1-17. In a typical organization of a large 1-22. ;Ee training of peraonnel te fight figeo
ship's engineering -department, the main oard ship io administered by thé"

' %propulnion assistant, the damage control 1. ohip's training officer
assiotant, and the electrical officer are 2. damage control agsistant
respongible to the ’ ° 3. adminigtrative.gssistant to the

, 1. gas-free engineer ’ enginger officer : \

2. cengineer officer 4. B division leading petty officer
3. enginecering division officer
4

. NBC defense officer -
. In items 1-23 through 1-27, gelect the division

1-18. Which of the following are duties of the of the shipboard engineering department from
engineering department training officer? column B that is responsible for the task given
1. Observing instructions given at drills, 1in column A. B
on watch, and on station

- -

2. Supervising the preparation of train- A. Tasks B. Divisions
ing materials -
3. Routing information about available 1-23. oOperating air com- 1. R division
gervice schooling pressorsg
4. All of the above ) 2. A division
. 1-24. Preserving watertight

1-19. Which of the following responsibilities integrity 3. E division

belongs to the main propulsion assistant? . / :
1. Preparing the Engineering Log and Bell 1-25. Maintaining firefighting 4. M division
Book equipment : ‘
2. Supervising the engineering department -
yeoman . . 1-26. Maintaining gyro-
¢ \\<t~ Training ship's personnel in emergency compasges
o repair work '
4. Maintaining the ship's power and 1-27. Operating steam-driven
lighting systems ) turbogenerators
'}

1-20. The duty station of a Fireman assigned to . \ i
the M division of a ship is probably 1-28, A fireman assigned to E division may be
located in one of the expected to work in which of the follow-
1. enginerooms ¢ ing spaces?

. firerooms 1. Main motor room

repair shops 2. 1IC room

auxiliary spaces" 3. Electric repair shop
“ 4. Each of the aboye

2
3.
4, R

~

1-21. Which of the following practices are best
" for learning the locations of steam valves 1-29. Who is responsible for training personnéﬁ

in a ship's fireroom? in nSemedical defensive measufes against
1. Ask a petty officer from the R.division NBC atcagk?
to point out each valve on the ship's 1. Ship's training offi
blueprint and then memorize these 2. Damage control
locations , . 3. Leading petty officer in A division
2. Trace all the steam llpes from begin- 4. Leading DC pettly officer
ning to end with the aid of the ship's
blueprints and.diagrams and then ask 1-30. wﬁ?ch of the folloying are duties of the
the engineer odfficer to poigt out each NBC defense officef?
valve 5 i . . ’ 1. ‘Maintenance of NBC defense equipment
3. Memorize the location of all the valves 2. Decontaminatfon of personnel. and ship
with the aid of the ship's blueprints 3. Transport on of NBC casualties
and verify the information on your 4. AlL of the above
first trip through the fireroom
4. Learn the location of a few valves at 1-31. If ope of the voids in your ship is opened,
a time with the aid of the ship's which of the following ig the duty of the
blueprints and diagrams and actually gas-free éngineer to perform? -
trace steam lines from beginning to 1. Determine whether persommel may sdfely
end . . enter the void
N ” 2. Determine whether it/ is safe for

welding in the area
3 Do both 1 and 2
4. Ensure that each welder in the area har
. a firewatch checking for explosive gases

3 , \ -
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Hull Maintenance Technicians -perform which !

Pour castings of 1. Molder ~
ferrous metals »

2. Boilermaker .
Operate milli
machines ) 3. Machinery Repairman
Repair boiler 4.

Machinist's Mate
equipmeént o

tained by what rating?

1. Boiler Technician

2. Machinist's Mate

3. Machinery Repairman -
4. Engineman *

1-40.
*  responrsibility for making repairs on the
emergehcy generator diesel engines?-
1. Machinist's Mate
/2. Machinery Repairman
‘3. Enginéman
Electrician’s Mate

Whichg;f the following ratings has the

212
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1-44.

1-45.

The main propulsion turbines are main-. <;\

1-32. As one of his duties, a division offf¥cer 1-41.
recommends changes to the allowance o} his of the following duties?
divieiop. He makes his recommendations 1. Plan, supervise, and perform tasks ,
. directly to the ) necessary for fabrication, installa-
1. commanding officer tion, and repair of all, types of
2. department head o structures ) )
&3 division's technical assistant 2. Perform tasks relating to shipboard
4. department admin{strative assistant damadp control, CBR defenge, and
. firefighting
1-33. Abodrd a large steam-driven ship, the oil 3. Supervéig}und train personnel in
king supervises the op&ration of maintendnce, hull repair, CBR defense, *
1. small boats and damage control
2. motion picture projegtors 4, All of the above
3. ' tramsfer and‘:booster pumps ]
4. steam turbines —\\\\\ N )
. Learning Objective: Recognize the
1-34. Small boat engineers are usually of tht basic principles of physics that
ratings? ) apply to shipboard machinery and
1. FN, EN, or IC ! equipment to produce work. Textbook
2. HT, EN, or FN pages 17 through 21.
3. FN, EN, or MM :
4. EN, FN, or MR e s
1-35. It is desirable that a Fireman striking ' 1-42. Matter can be dZ;{;;z as anything that
for an engineering rating (Group VII) have occupies space #nd has definite
a knowledge of which of the following? 1. shape
1. Mathematics ’ 2. volume »
2. Physics 3. weight . .
3. Mechanical drawing 4. wvisibility
4. Al) of the above /) . .
N 1-43. What 1is meant by the inertia of a
stationary object? t
In {tems 1-36 through 1-38, select from column B 1. buantlty of matter yhich the object
the rating of personnel who perform the tasks in - contains ’
volumn A. * 2. Force with which the object is pulled
toward the center of the earth v
A. Tasks B. Rating 3. ‘Physical property that keeps the ,

object At rest
4, Measurement of the mass and the weight
of an object’

An object moving at a constant velocity Y
will continue moving at the same speed
in the same direction until,acted upon

by some outside force. k
- : t

- ¢ )
Which of the following definitions - . ¢

describes the force that is exerted
on g stdtionary object? .
1. A push or pull with which you cause

or try to cause an object to move -
2. A quantity that keeps the object at
rest
3. A quantity of matter contained in the
object : '

4, A physical property that causes a
moving object to continue moving
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1-46. Which of the following is a measure of . 1-55. Energy that exists because of tht¥relative
’ velocity? | . velocities of two orgmore objects is called
1. 50.revolutions ° ) 1. potential energy .
. 2. 50 rpm clockwise <> * 2. kinetic energy ° .
‘ 3. 50 rpm per gpec counterclockwise 3. energy in transition .
4. 50 rpm per sec clockwise 4. both energy in transition and potential
! energy
@ Information for items 1-47 through 1-49:
Asgume that an object at rest was placed 1-56. Expended energy can be measured in work
in motion and moved along a straight path. ° - units of
During the first 4 minutes of travel, the . 1. horsep%32¥
"velocity of the object was mgrked at l-minute 2. sgpeciffyl heat
"intervals as shown by the following table: 3. Btu
’ 4. foot-pounds & L,
' Mark - Velocity
O-minute , 0 ft/sec In items 1-57 through 1-59, sef&ct the definition
l-minute . - 5 ft/sec from column B that best describes the term in
2-minute 20 ft/sec - column A,
' 3-minute 10 ft/sec vy ¥
4-minute . 15 ft/sec &f‘ﬁgl % A._ Term 8. Defini€fon
1-47. " What was the: average acceletation of the* @l-57. Eggkgy 1. Application of force
object during the first minwte? through a distance
1. . 0 ft per sec - 1-58. Power '
2. 2.5 ft per sec . \ 2. Capacity for producin
: 3. 15 ft per sec 1-59. Work K an effect v

4. 20 ft per sec

. , 3. Amount of force per unit
1-48. The object was deceleratirffg between the S ’ ,area
second and third minute marks.

)
4. Time rate of doing work

1#49. During the first 4 minutes, the object . Y
accelerated and decelerated at unifor ' ’ 4
rates. . g 1-60. How much wotk is done when a 60-poundl box

is raised from the ground to the top of an
' . 80-foot platform?
In {tems 1-50 through 1-53, select from column B 1. 60 ft-1b

the source of the, type of energy in column A. 2. 140 fe-1b
3. 480 ft-1b 2]
A. Type of Energy B. Source 4, 4,800 fr-1b
1-50. Mechanical .. 1. Sun ’ 1-61. A motor-driven hoist Jifts a 165-pound
load to a height of 50 feet in 30 seconds.
1-51. Electrical ' 2. Battery How much power does the motor develop?
' ' 1. 1/4 hp )
1-52. Nuclear 3. Auto piston 2. 1/2 np T~
3 3 hp
1-53. Thermal 4. Reactor 4 10 hp
1-62. what is the horsepower of a pump that can
.1-54. Which of the following situations indi- 11ft 2,500 1b of water per minute from a
cates potential energy? “depth of 66 feet?
1. vater striking a water wheel “1. - 4 hp ~ ‘ '
2. Water behind a dam - 2. 5 hp
. 3. Steam passing through a nozzle 3. 6 hp ¥
4. Water being converted to steam ’ 4. .40 hp

N ‘

-
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*1<63. How much work can he done by a 4-horsepower- 1-65. A 5-gallon closed steel tank is full of
englne? ) ¥ water.wyWhat happens to the pressure and !
1. ~ 2,200,000 foot-pounds of work per volume of the water in the tank when its
'.Q ) minute- ) temperature rises?
.. . 2. 132,000 foot-pounds of work per . 1. Pressure increagess volume remains
minute R constant
- 3. 22,000 foot- pounds of work per minute 2. Pressure decreases; volume increases '
Qla. 162 000 foot-pounds of work per hour 3. Both pressure and volume remain the * ~
. ¥ same
1-64, According tm‘gCharles ®law, if the tem- 4. Pregsure decreases; volume remains the
’ _perature of a llexib}e container of air same
“were doubled, the volume of air would e ‘

. 1. be reduced by one-half
2, be reduced to ene quarter the original

volume .
3. remain donstant’jput the pressure would .
double %
4. be increased to twice the original .
- volume - ’ .

W -
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"\Assigﬁr%é‘?n 27 ¢

Engineering Fundamentals; Ship Propulsion: Basic Steam Cycle

Textbook Assignment: Chapters 3, 4, and § o

h

g . . &%-4.

Learning Objective: Recognize the
basic principles of physics that
apply to shipboard machinery and A

equipment to produce work. Textbaol
&‘-.;3"4

.

2-3.

ERI
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vages 21 through 30.
Compared with water, how heavy is

mercury? R

1. One-fourteenth as heavy

2. The same weight .
3. Fourteen times as heavy

4. Fifty times as peavy

The forces in a mercurial barometer
which balange each other are the
1. forces exerted by the atmosphere
and the weight of a column of mercury
force exerted by steam ynder pres-—
Te and the force exerted by the
‘weight of a column of mercury
weight of a column of mercury plus
the force exerted by the air in the
tube above the mercury, and the
force exerted by the atmosphere
plus 14.7 psi
welght of a column of mercury, and
the pressure of the vacuum above
the mercury. plus the force exerted
by the atmosphere *

2.

At sea level tlieyabsolute pressure in an
air tank measures 31 inches of mercury.
How much more or less than atmospheric
pressure 1s the pressure in the air

tank? R

1. 1 inch less ) o
2. 1 inch more .
3. 2 incHes less

4. 2 inches more ‘

L

QA

-,

2-5.

2-6.

2-7.

2-8.

If a baromeé%r reads 28 inches of mercury,
what is the 0%mospheric pressure in
pounds per square inch?

1. 0.98gpsi
2. 13.72 psi .
3. 14.70 psi )

h\s& 16,68 psi

At sea level the pressu in a tire is

24 psi gage.. The absolite pressure in

the tire is aphfoximately |

1. 9 psi

2. 24 psi®

3. 33 psi

4. 39 psi

The pressure of the air in a space at

sea level is 27 4n. of mercury. What is

the pressure reading of the vacuum gage?

1. 3.0 in. of mercury

2. 12.3 in. of mercury

3. 27.0 in. of mercury

é. 44.7 in. of mercury

What is the absolute pressure of a gpace

for which the vacuum gage reading is 20

in. of mercury? s
1. 10 in. of mercury

2, 20 in. of mercury,

3. 30 in. of mercury

4. 40 in. of mercury *

€

What is the approximate absolute pres-

sure of a space in which the vacuum Biy

reading is 4 in. of mercury?

1. 2.0 psi

2. 4.0 psi - \\\\\mk

3. 12.7 psi

4. 16.7 psi

If a pressure gage must be located at a

point below .the pipe of the pressure
lifde being measured, the > -ading on the
gage includes the ‘¢ ,  exerted by
the weight of the 'iquid above
the gage.

.~
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FA Williams obtains a reading on a water
pressure gageé of 18 psi. The gage is
located 3 feet above the water pipe.
Williams calculates the actual pressure
of the water to be ’

1. 16.7 psi
2., 18.0 psi
3. 18.4 psi,
4, 19.3.psi '

Items 2-11 through 214 are related to
figure 1A.

v

If a certain fprce is applied to the
small piston, what are the relationships

_ between pressutes in various parts of

the system?

1. The pressure
greater than
large piston

2, The pressure on the small cylinder
is the same as the pressuré€ acting
against the small piston and is
greater than the pressure in the
large cylinder

3. The pressure in the connecting tube

is the same as the pressure in the

) small cylinder and is greater than

the pressure in the large cylinder

4. The pressure is the same on all parts
of all surfaces=that enclose the
liquid .

on the small piston is
the pressure on the

large piston just

If the weight ontth?
on the small piston

balances the weight

it follows that the

1. force per unit of area is the samé
on both pistons

, 2. weights ongthe two pistons are equal

3. force on the large piston equals that
on the small piston ’

4. pressure ig greater below the small
piston than it is below the large
piston .

2-14.

2-16.

2-19.

2.
3.
4.

What is the relationship between A, the
force applied to the small piston, and

B, the force exerted by the large piston?
Force B minus force A = 10 1b

Force B is 10 times force A

Force A plus force B = 10 1b

Force A:is 10 times force B

SN -

The area of the small piston in a hydraulic ~

press is 3 square inches and the area of
the large piston is 75 square inches. If
a .force of 50 pounds is applied to the
small piston, ﬁhe large piston will
(neglecting frictional losses) exert a
force of

1. 25 1b . “

2. 250 1b ® h
3. 725 1b

4. 1,250 1b N

How is the water removed from the main

ballast tanks when a submerged submarine

is surfacing? ’

1. Motor-driven pumps syphon off the
water ’

2. The water is forced out with air

3. The water flows- out thraggh the ports
under the pull of gravity

4. Hydraulic pumps syphon off the water

The heat produced in a nail which is
being.hammered into a piece of wood is
energy caused by "
1. physical ehanges in the nail
2. the increased motion of the molecules’
in the nail
3. chemical.changes in the nail
4. the friction between the hammer and
" the nailhead

Heat is defined as the flow of thermal
energy.

How many caloriés are there in 25 BritisJ
thermal units?

1. 25 |
252
2,520
6,300

-,

In which of the following forms of matter
are the molecu!gs closest together?

1. Steel

2. Boiling water
3. Gas

4, Chilléd water

a




]

2-20.

2-22.

2+25.

= ERI

A block of ice at 32° P is allowed to 2-28.
melt into water at 32° F, The thermal
energy needed to bring about this change
of state is referred to as
1. internal heat
2. specific heat
3. 1latent heat pf fusion
4.4 sensible heat 2-29.
Hoy much heat is required to change 10 1b
of Yce at 32° F to water at 50° F?
1. 180 Btu
2. , 440 Btu < t
3. 1,620 Btu
4, 16,200 Btu
Y

How much heat is required to change 10 1b
of water at 82° F to steam at 212° F1p> 2-30.
1. 82 Btu
2, 130 Btu
3. 1,300 Btu
4. 11,000 $tu
Vhen ice is changed to”steam, the greatest
amount of heat is required for
1./ changing the ice at 32° F to water at

32° F .
2. heating the water from 32° F to 150° F_
3. heating the water from 150° F to 2-31.

212* F
4, changing the water at 212° F to steam

at 212* F b
The amount of\heat released by steam when
it changes in water at the same
temperature is cadled
1. sensible heat
2. latent heat of condensation
3. latent heat of vaporization 2-32.
4. latent heat of fusion
A reading of 75° C is equivalent to
1. 160° F
2. 163° F
3. 167° F
4. 170° F

. 2-33.
# reading of 77° F is equivalent to c
1. 23* ¢
2. 25° ¢ ‘
3. 27° ¢
4. 29° c <~ ( -
A Fahrenheit thermometer and a Celsius 2-34,
thermometer are placed into water that
contains melting ice. What are the
Towest possible temperature readings to ~_

be expected?

1. 0° on Celsius and 32° on Fahrenheit
2. 0° on Celsius and 0° on' Fahrenheit
3. 32° on Celsius and 0° on Fahrenheit
4. 32° on Celsius and 32° on Fahrenheit

% . ;
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All of the following are products of
combustion except
1. . sulphur dioxide .

2. carbon dioxide R
3. nitrogen Ce i N
4. oxygen ’ i

The completeness witﬁ(which fueI 0il burns

in the cylinders of a diedel . engine

depends on .

1. how well the fuel is mixed with air,

2. how much air is present in the
cylinder

3. how much fime the fuel-aiy mixture «*

is allqued to burn
4. all the above factors

a

{ﬁ

If water is placed in a closed container
and boiled steam, will be sacurated}
when the 3 .

-1. pressure in the container increases

*2. temperature of the water rises above
212° F &

3. temperature of thée steam riséz above
212° F i

4. water changes completely to steam at
the temperature of boiling water

At a pressure of 110 psi absolute, water
boils at 335° F., What is the actual
temperature of superheated steam at

110 psi absolute when it has 200° F of

superheat? . ]
1. 310° F-
2. 412° F
3. 535° F
4 665° F
P-

If you hammer a sheet of copper intgl;he

shape of a hollow bowl, you are tak

advantage of what property of the metal?

1. Strength °*

2. Malleability

3. Hardness

4. Toughness R
»

What property of a metal permits it to

be shaped into wire form or sheets?

1. Strength

2. Ductiliey *

3. Hardness

4. Toughness

All of the following are ways to reduce
corrosion to steel except

1. adding nickel or chromium qr both

2. chogsing a better grade of base metal -
3. paijling the surface with a good

grade of_paint _

coating the surface with irq&\ogide

>

4%
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2-35, You can determine whether a metal is 2-41". The strut, stern tube, and line shafjl
. ~ ferrois or nonferrous' by using a magnet bearings funcfion to ‘support the maj )
because most metals containing iron are shaft and keep it aligned.
magnetic. ) .
\—36‘ “What technique is used in marking a steel : 4
bar according to the continuous identifi- . Learning,{)bjeqtive: Identify the
- cation marking system? ' various“types of propulsion units.

1. A continuous strip of specified‘lidth . ™ Textbook pages 34 through 36.

" 1s painted along the entire length . * L
" of the bar q o ) ? :

2. The appropriate marking is painted on r 4 .
with heavy ink at specified intervals Q?—A’Z. "One of the main differenceg betwe
along the bar's length ° . turgzelectric drive'and a ?eare urbine

3. The appropriat rking is punched on < driVe is that the former uses &

‘ with 2 metal skper at specified ‘l. a smaller ll:at:l.o:). toreduce  turbine
intervals along the bar's length . speed to propellest speed <%

4. The appropriate gymbol of specified 2., a larger°ratio to r?ﬂuce turbine
color is painted on each end of the e speed to propeller speed )
bar w '3% a cruising ‘turbine’ to reduce turbine

. 4 speed' to propeller speed
‘ 4. an electrical means instead of a
, e ' ] turbine element to reverse propeller
- Learning Objective: Recognize the ‘ ~  shaft rotation o
®  basic principles of ship propulsion. -
Textbook pages 31 through 33. 2-43.* By which of the fo ollowing is the speed.
/ : of a diesel d<c électric-—dri_ve}xi ship
- increased? .
, . ) 1. Increasing generator voltage
2~37. What type of force (thrust) is developed 2. Increasing .engine speed.
against the velocity imparting devices : 3. Combiping changes i enerator
‘(shipboard) and causes the ship to move voltage and engine sé‘gtd
\ thrbugh the water? . 4. Any of the above '
1. Acceleration . )
2. Imertia . 2-44. 1In diesel d-c electric-driven ships the-
.4 3+ Reaction . P ) - dfrection of rotation of the prc?peller
4, * Torque . . ¢ is reversed by
o : 2 1." using reverse.gears \
i In answering itbms 2-38 through 2-41, 2. reversing the flow of current through
M refer to.figure 4-1 of your taxtbook. the motor
. : \ 3. reversing the direction of rotation
2-38. The thrust on the propeller is transmitted of the diesel engine

to the ship by means of the 4+~ reversing the pitch of the propeller

1. strut ' blades 3 g

2. main shaft , . ‘ g

3. high—pressure turbine 2-45,. Advantage(s) of the diesel engine over ,

+ 4 main ‘reduction gear ’ i the gasoline engine as the prime mover
* ) ) of a propulsion,.unit for a naval vessel
t 2=39. ;The prime mover of the ship's propulsion include, ne
unit shown in the figure consists of a : 1. less dan%er of fire ™
1. geared turbine - 2. cheaper fuel
- 2. dies2l engine . 3.-r~standardizé\§' fuels
R 3., generator and turbine - 4. all of the above
4¢ generator and diegel engine 'K» ¢ '
2-40. The reactive force along the axis of the
' & main shaft is absorbed by the . -
1.° "sErut bearing » . b B
2. stern tube bearing ‘ - :
b 3. 1line shaft bearings ’ P ~ .
' 4‘.% thrust bearing ~
- . ~ o’
s - . - AN
N\ _ ’ . ) |
| : ) . 10 Co. °, -

R ) . -, R P -
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] 2-52.
. Learning Objective: Identify reduction
gears and clutche: used to convert power
to drive Textbook oagqa 38 through -
47.
2-46. By what means are low propeller-ghaft
speeds obtained in ships driven by high-
.speed diecel cngines?
1. Clutches
2. Reverse gears t .
3. Reduction gears .
. 4. Pitch-changing devices 2-53.
2-47. How are the speeds of turbines and pro-
pellers related when a propuksiqn plant
io operating at maximum efficien¢y7
l. Turbines are operating 4t high speeds;
" propellers -at low speeds
Propellers are operating at high
gpeeds; turbines at low speeds 2-54,
34 Both turbines and propellers are
operating at high speeds
4. Both propellers and turbines are
¢ operating at low speeds
) /
2-48. End thrust imparted to  shaft by reduc-
tion gearing can be eliminated through
- the ugse of 2-55.
1. single~helical gears - =
2. doyble-helical genrs a
3. spur gears
: 4. worm wheels
L4 v
2-49. What is \{ypical about a double reduction
propulsi gear arrangement?
1. Each double helical gear used does 2-56.
) the work of two single-helical gears
,,aﬂi. Turbine speed is twice propeller
speed
3. The rpm pro@gced by the turbine 18
) reduced in two steps
4. 1Its efficlency is double thnt of.a
single~treduction gear
2~-50. Most diesel-driven ships and boats are
backed:down by reversing the- -
1. pitch of the propeller
" 2. direction of rotation of the propeller
shaft
3. position of the engine relative to. -
. the propeller shaft 2-52%
&*r 4. rotation of the engine crankshaft :
2-51. Regardless of. type or 3ize 6f installa- =
“t on, the arrangements of clutch, reverse:
gear, and reduction gear are the same.
»
\ L]
1 . Py
11
| * 19
Q

Which of the following otatcrents about

clutches ig faloe?

1.- Friction clutches can be classificd
as diok or band and wet or dry

2. Simple friction clutchos may be used
alone In engipes with power ratingo
ag high as 2,000 hp )

3. Wear occurs on a wot clutch dyring
engagement, dicengagement, and
operation

4. Cast iron surfaces are good for
friction clutches becauge thay
resiot gcoring and gcuffing

What type of clutch tn ugsed in the clutch
aggembly of the Gray Marinc trangmission
mechaniom?,,, <«
1. Dry-type, uingle—diok
2. Dry-typea, twin-diok
3. Wet-type, single-disk
4. Wet-type, twin-digk
An astern operation of the ghaft and .
propeller driven by the Gray Marine
engine ig’ accomplighed by
1. reveroing the crankshaft rotation
2. using geparate disks and gear traino
3. reverging the forward disk rotation
4. reversing the back plate

“
With Joe's clutch apd reverse gear,qthe
crankshaft rotation“ds transmitted to .
the reduction gear ghaft through the .
1. crankshaft drive gear extensipn
2. firast reduction gear
3. locked train gearing
4. clutch and reverse gear unit

L fe s

What happens when compressed air (100 psi)

is admitted into the flexible tire of an,

airflex clutch while it rotates at _engine

spegd? "

1. The clutch moves out of contact with
the engine flywheel -

2. The clutch mal®d contact with the
engine f1 wheel

3. Friction blocks on the inner tiref
surface make contact with a clutch -
drum

4. Friction blocks on the inner tire
surface move out of contact with a
clutch drum

What 18 one of the adyentages of fluid

drives over mechanicé%ﬁclutches?

1. /Slippage is completely eliminated

2. . No mechanical connection i8 needed

between the engine dnd the reduction

‘ gear

3. Power loas is only 1 percent

4. Driving fluid dods not absorb power
loss .

©A

C -



2-58. What function 10 served by the dog clutch 2-62. Suppose you boil the wator in two

when it {p uoed in addition to the containers, A and B, A io an open
friction clutch? . container and expooed to atmooplioric
I. Engagingsit juot before ‘engaging thoé’// preooure, whereas B io & closed containor
friction clutch speeds up the action in which the pressure io greatdr than
of the friction clutch the atmosphere. What io tho,relationohip
* 2. Engaging {t after the friction clutch o +» between the temperaturcs of the water
has cqualized the opeed of the two bofling i{n the containers?
ghafts prevents olipping and mini- 1. The water tcmpo‘&;urc in A {ig higher
. . mizes wear of the “friction clutch than that {n B
- 3. Engaging it at the game time the 2. The water temperature in A {0 lower
friction clutch i{o.ehgaged provides than that fn B '
N for smoother tranofer from one opeed ¢ 3. The water temperature in A io 212° F,
to another . - which {o the oame as that in B \
b 4., Engaging it during and after cngaging 4. The water temperature in A {o 212° P,
A the friction clutch helpo to quicken which i{o greater than that in B
- the change from onc opeed to another
and makes for greater omoothness of 2-63. What {o the purpose(o) of the ouperheater
- operation ' furnace shown in the textbook figbre
. v ' 5-2?
2-59, The reaction forcesdeveloped by the force 1. Raipe the temperature of the saturated
0 of the water being moved astern by a oteanm T '
prope}ler acts on what part of the pro- 2. Draw the saturated steam from the
peller? . «generating furnace .
1. The back . 3. Raist the temperature of the feed
2. The leading cdge . water without increasing preosure
%3. The root . . - 4. Do each of the above
4. The face ’ ~
2-64. For which of the following rcasons are
2-60. Which of the following statements with naval boilers designed to produce both
regard to propellers is true? gsaturated and superhecated stcam?
1. Direction of propeller thrust can . 1. Because superheated steam for propul-
"~ be changed on, some propellers by slon io more efficient than saturated
changidg the pitch of the blades steam
2. The number of blades on ship propellers 2. Because most auxiliary machinery
varies 'from two to four operates on saturated steam
3. ¢ ro'}ablc pitch propellers are of - 3. Both 1 and 2 above
the diingle casting type 4, Because propulsion and auxiliary
y 4. Left-hahd helical propellers, as Q; machinery operate on saturated and
. viewed from astern, turn clockwise superheated steam and frequently
to movd] the ship forward gswitch from the use of one to the

usc of the other ,

Ty 2-65. What cnergy conversion takeés place after
Léarning Objective:' Recognize the atcam enters the turbine of a oteam-

" four areas ation of the basic driven ship? '
stecam cycles. TextRook rages 49 1, Heat energy to electrical energy
through 53. ) 2. Mechanical energy to heat cnergy

. X . J. Heat cnergy ‘to mechanical energy
" ’ v ' 4. Electrical cnergy to heat énergy
2-61. The amount.of latent heat required to” .
change boiling water to gteam is the same 2-66. If your ship's main turb1n§£g>stallation .
regardless of the pressure in the gener- = is 1ike that shown in tcxt-.-& figure
ating container. . : S-1, steam from the boileﬂB?;a expanded
> * in the

1. cruising turbine
2. high-pressure turbine R
ER Wow-pressure turbine
4. cruising, high-pressure, and low-
pressure turbines

A,

e ? %
220 | | 7
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°® Pog itenn 2«67 through 2-70, rofor o 2-71. Tho dicchargo prossure of a main feod ]
figuro 3-1 in your :m:tbook. punp diocharging to a boilor oporating {
at 600 poi 1o approidimatoly -
2-67. In which part of tho otean cycle 1o afr 1. 550 pat om
rezoved froa tho condennato? 2. 76D pot ~
1. A . 3. 750 pot
2. D 4. 1,000 pot
. ¢ "
4. D 2-72. Hator 1o prcheated in tho oconetizor by 7
‘ 1. hoating it with a ouperhcater locatcd
2-68. Tho datted linoo cnclooing C and D ghoy dircctly undor the cconeaizor
that tho deacrating tank bolongn to which . 2. circulating it in tubeo ourrounded
-'parto of tho otoan cyclo? by tho gaooco of cozbuotion
1. Goneration and focd _ : 3. oixing it with jeto of hot air that
2. FPocd and condenoate -« & aro punped into the ccononizor
). G@Expanoion and gonoration 4. opixing 1t with hot wator diocharged
j \ﬁ, Condenoato and expanoion fron the main foed piping oyoteo
- A
2-69. Tho deacrating tank in tho oteanm cyele 2-73. Tho natn differenco botvcen tho auxiliary
’ 1o uoed for which of the following otean cyclo and the main ptean cycle fo
‘. purpooca? that tho auxiliary doeco NOT includo tho
o 1. To rczmovs any trapped oxygon or air 1. condonocor - ‘
from tho condcnoate 2. dooaetrating fecd tank
2. To prcheat the water before 1t goeo 3. oupcrheutcr
to tho acononizer . 4. economizer’

3. To oorve ao a otorago tank for
rooerve feod water and for psurplus
- condcnoate
4. All the above

2-70. The condenoate from part C of the steam
cycle firot becomeo feed water in thc
1. economizer

2. top section of the deaerating tank

.

3. otorage gection of the deacrating ¢

tank ' .

4. piping between the main and booster .

. feed pumpso . :
»

4
-
7
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}Boiloru. Stogn Turbinco, and Reduct1on Gearo

Textbook Asoigntent:

Chapterg, 6 and 7

Assignment 3

,  3-6.
Leqrning Objectiva: Identify major
cozponento of naval boilero and
otate their functions. Textbook
pageo 56 Fhrough .
3-1. The otean drum of a boiler gerves ac all
of the following except a “ 3-7.
1. reoervolr for the steam generated in
the tubeo
- . 2. oeparator of moisture from the oteam
%gencrated in the tubeo "
3. *otorage opace for boiler water which
10 distributed to downcomers
4. oeparator of air from the oteam
. generated in the tubes 3-8.
- o
3-2. Which parts of a boiler function to
\ diotribute water equally to the generating
tubeo?
1. Steam drum and economizer
2, Downcomero and economizer
3. Water drum and sidewall hedder ¢« 3-9,
4, Sidewall tubes and oidewall header 4
3-3. The generator tubes in a boiler are 1 to
2 incheo in diameter instead of 3 to 4
inches becauoe omaller tubeo ahsorb more
hgat from the hot gaseo circulating around
then. ‘. . 3-10.
3-4. In addition to directing the flow of steam
from the sidewall header to the stegm drum,
the Bidewall generating tubes oerve to
1. direct the flow of water from the
otean drum to the oidewall header
2. protect the sidewall from the intense 3-11.
" heat in the furnace
3. diotribute water equally to the down-
comerag
4, direct the flow of combustion gases
around the economizer tubes
3-5. Downcomers are used to direct the flow of

ERIC

Aruitoxt provided by Eric:

,water from the steam drym into the
1. economizer B
2, water drum
3, oidewall header
4., water drum and sidewall header

Refractory material io uced to linc the
oteel caoing of o boiler furnace in order
to

1. prevent cxcesoive losoes of furnace
heat —

help maintgin high furnace temperatures
protect the casing from the intenge
heat in the furnace ; ’

4. do all of the above

s

2.
3..

What boiler component utilizes heat from
combuation gaoeo to heat incoming feed
water?

17

Alr preheater

_2+ Economizer

3. Deaerating fced-heater
4. Header

Fins on economizer tubes serve to

1. decreace the yeight of the tubes

2. abogorb the heat from combustion gases

3. speed the flow of combustion gases

4. 1increage the capacity of the tubes to
hold steam

Each end of a horizontal éuperheuter tube
is connected to a

1. vertical superheater header

2. horizontal superheater header

3. vertical eidewall header

4. horizontal sidewall header

What type of atomizer is tioot common and
uoed on most older ochips?
1. Return-flow

2. Straight-steam *

3. Steam—pssist

4. Strgight~through-flow '

Which part or parts.of an air regioter in
a burner assembly impart a whirXing motion
to inrushing air? .

1. Air doors

2. Diffuser plate

3. Alr foils '

4. Air doors and diffuser plate



3-1

3-13.

3-14.

3-16.

3-17.

1

3-18.

Q
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- -
. pwspuse of the tangential slots in a

‘'sprayer plate are to

1. form the cone shaped spray . . )
2. break up the.oil into fine particles
3. 1impart a rotational velocity to

the oil
4, mix the fuel with adr

Fire-tube boilers have beep replaced by

wvater-tube boilers on most naval ships

because

1. fire-tube boilers have a higher
concentration of scale-forming salts
than water-tube boilers
fire-tube boilers are more difficult
to examine than water-tube boilers
fire-tube boil¥rs are not able to

" meet ,the demand for rapid changes n

fire-tube boileys have more compli-
cated conetruction than water-tube
boilers

The circulation of water in natural circu-
lation boilers depends on the difference
between the density of rising steam-free
water and the density of falling hot.water
and steam.

Vlater 1s made to run faster in accelerated

natural circulation boilers than in free
natural circulation boilers by

1. wider nozzles of generating water
tubes

2. tubes connecting steam drum to water
drum sloping at a steeper angle

3. application of more heat

4. an increased number of downcomers

A3

Where are downcomers inatélled on accel™\
erated natural circulation boilers?

1. In the furnace area

2. Between the steam drum and water
drums outside the furnace

3. Between the sidewall tubee and inner
casing

4. Between the economizer and the super-

heater

The Euperheater tubes in convection-type
superheaters are protected from the
radiant heat 'of the furnace by

.1l. baffles
2. water screen tubes
3. downcomers
4. generating tubes
The steam from a pressure-fired boiler

1040-class destroyer
exclusively for

installed on a
escort 1s used

1. propelling the ship

2. distilling sea water

3. heating the crew's berthing spaces
4. laundering

3 223 ,

load that water-tube boilers can mees//

-
3-19. The basic types of auxiliary boilers uged
by the Navy include .

1. fire-tybe boilers

‘water-tube natural circulation
boilers .
water-tube forced circulatign boilers
all of the above

2.

3.

4.
3-20. Boilers operating at 700 psi burn less
fuel for a given shaft horsepower than do
boilers that operate at lover pressureg.
3-21. Vhen working in'a fireroom aboard ship,

you should keepkyour shirteleeves rolled
down at all timea .

Before lighting off a bdller you sghould
remove some of the water from the econo-
mizer by using the emergency feed pump.

3-22.

3-23. You are preparing to putc% boiler into
operation. Before lighting off the first
safurated burner you ahould be gure to
1/ blow down the gage glaaoea

purge the furnace

leave disconnected atomizera in place

remove the atomizers from the registers

I
Which of the following safety precautions

3-24.
applies to the securing of a boiler?

1. Closing the openings to the furnace as
goon as the atomizers have been put
out

2. Bringing the water level in the gage

, glass to the pgint where it shows
three-fourths full ,
3. Closing the master oil valve after the
4 fuel oil pump is secured
%4. Each of the above Y
fea

Learning Objective: Recognize the

principles of operation of naval steam

turbines and identify major components
and their functions. Textbook pages

72 through 81.

3-25. 1In addition to direction of steam flow,
in which way may turbine types be classi-
fied?

1. The way in which the steam makes the
turbine rotor rotate

2. Type of staging and compounding of

i steam pressure and velocity
3. Diviaion of steam flow :
4, All of the abq&p ways .
4
15
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. s 3-31, The function of the otationary blades in .
. a velocity-compounded impulce turbine io
to
1. dincrease the velocity of steam
2, direct the flow of oteam .

3. decrease the velocity of gteam
4, 1increase steam presgure without logs
in velocity

3-32. 'The efficiency of a gingle-atagé impdiﬁﬁ A
turbine 18 increased by adding
1. rows of moving blades to the rotor
wheel
2. soimple impulse stages in the pame
casing .
3. either 1 or 2 above
4, rows of fixed blades to the caaing ¢

'-5

Figure 3A.-Diagram of Hero's engine.

3-26. In figure 3A, the steam escaping from

the nozzles causes the engine to 3-33. A reaction tnrbine is driven by the

1. remain stationary reaction of the force required to ,

2. turn clockwise around point X increase the velocity of steam as ‘it '
* 3. turn counterclockwise around point X passes through the nozzles.

4 turn alternately clockwise and ~ <

i counterclockwise around point X 3-34. The length of the blades of a reaction-
type turbine 1s increased at each succeed-

3-27. Which of the following devices operates ing stage in order to accommodate the

most nearly according to the impulse - 1. higher turbine speeds
turbine principle? . 2. steam condensate
1. Hero's epgine ) ‘ 3. 1increased steam pressure
2, An e1ect?§c fan - 4. 1increased volume of the steam - s
3. A windmill .
4. A jet pump ) 4 " 3-33. What happens to the steam that passes
e . through each stagk of-a reaction turbine?
3-28. What happens to the steeA that passes - 1. It gains pressure and loses velocity:
through the steam nozzles of an impulse 2 It gains pressure and velocity
turbine? 3. It loses pressure and velocity
@ 1. It loses pressure and gains velocity N 4, It loses préssure and gains velocity
2 It loses pressure and loses velocity ‘
3. It gains pressure and loses velocity - 3-36. To permit a turbine to expand and contract
4 It gains pressure and gains velocity on its foundation, the turbine is usually
~ installed by securing its
* 3-29. vhat happens to the energy in pressurized 1. forward end rigidly and allowing some .
steam as it emerges from the nozzles of ’ freedom of movement to the after end
an impulse turbine? , 2. forward and after ends in separate
1. Kinetic energy converts to potential grooves gilowing each end to move ,
energy independently
2, Potential energy converts to kinetic 3. forward and after ends to a sliding
energy ’ sunken plate -
3. Kinetic energy converts to thermal 4, after end rigidly and allowing some
-~ . energy . . freedom of movement to the forward '
4., Potential energy converts to mechanical end a ;
é energy '
! 3-37. Which of the following metals is used in
- 3-30. How are the blades arranged in a velocity- the making of turbine casings and rotors
\ compounded impulse turbine? to enable them to withstand the effects
1. Two or more rows of revolving blades of superheated 700° F steam? '
are followed by a like number of rows 1. Carbon steel
of stationary jets 2, Carbon molybdenum steel '
2., One row of stationary blades follows 3. Cast 1iro
each two rows of revolving blades 4. Bronze
| 3. Revolving and stationary blades are L

installed in alternate rows
4. Both revolving and stationary blades
are provided on each row

16
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3-39.

- 3=40.

3-41.

3-42.

3-43.
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1.

Which bearings arc uged in a propulsion
turbine to carry the weight of the rotor
and to maintain the proper radial clear-
ance botween the rotor and the cuui?s?
I. Ball or roller bearings
2. Sphewical-seated sleove bearings
3. Cylindrical soleeve bearings - =
4. Sphorical-seated or cylindrical

, oleeave bearings
Propeller thrust bearings and turbine
thrust bearings differ chiefly in
1. deoign
2. gize
3. materials from which they are made
4. function

A function of the turbine rotor-shaft
glands is to prevent
1. lubricating oil from leaking into
the turbine casing
2. lubricating oil from leaking into
the engineroom
3. steam from leaking out of the turbine
casing
4. nny of the above from hnppening

When carbon and labyrinth packing are
used in one turbine rotor-shaft gland,
how are they arranged?
1. Carbon packing is us
pressufe area and
low-pressure areZ
2. Labyrinth packing ig used in the
high-pressure area and carbon packing
is used in the low-pressure area

in the high-
yrinth in'the

Carbon and labyrinth packing are
used interchangeably

4. When temperatures are to go over
650° F, only labyrinth packing is
used

By what means are low pressure turbine

glands sealed at all times to keep air

from entering the condenser?

By passing auxiliary exhaust steam

to the glands

2. By increasing the pressure inside the
steam chest ]

3. By decreasing the temperature inside

. the steam chest

4. By lubricating the glnnds witT low-
viscosity oil

In low pressure turbines, and gland seal-
ing steam pressure is maintained at
approximately

1. 0 to 1 psi

2. 1/2 to 2 psi

3. 2 to 3 psi

4. 1/2 to 4 psi

Learning Objective: Recognize the *
common forms of reduction gears used
in shipboard machinery. Texttbook pages .

3-44.

3-45.

3-46.

3-47.

3-48.

81 through 83.

Which type of double reduction gearing
(1f any) do most auxiliary shipa use
for main propulsion?

1. Nested

2. Articulated

3. Locked train

4. None

What type of metal 1s used for the teeth
in thq_ptnion gears of the main reduction
gearsg?

1. Bronze

2. Caot steel

3. Forged steel .

4. Copper-nickel

Bull gears are usually gecured to their
shafts by means of '

1. spot welds

2. keys °

3. locking nuts
4. keys and locking nuts .

. .
The base section of a bull gear casing is
used for several purposes, one of which

is to support the

1. main thrust bearing

2. bearing housing for the intermediate
pinions

3. bearing housing for the intermediate
gears

4. bearing housing for the high spe
pinions

Which gears are used in transmittin
motion from a turbine to the shaft gf a
condensate pump and in reducing turbine
speed to pump speed?

1. Pinion and single helical gear .
Two bevel gears

Worm and worm wheel

Pinion and double helical “gear

S wN
e s .




Learning Objective: Recognize the
characteriotico and purposes of
lubricating oilo apd greases used

in the Navy. Textbook pages 84 through
87. .

ERI

Aruitoxt provided by Eic:

3-49.

3-50.

3-51.

3-52.

Which of the following is the beat

definition of friction?

1. Friction ig the amount of pregsure.
with which one surface is prgﬂsed
against gnother surface he

2. Friction is the amount of heat
generated between two sliding
sur facea

3. Friction is the resistance that ona
surface offers to its movement over
another surface

4. Friction 18 the ratio of the rough-
ness of one suyrface to the roughness
of another surface

Under ideal conditions, what kind of

friction occurs when a main shaft rotates

in a properly oiled main journal?

1. Fluid friction between the molecules
of the oil and.the suspended foreign
matter in the oil .

2. Fluid friction between the molecules
of the oil and between the film of
oil on the shaft and the film on
the journal

3. Sliding friction between the main
shaft and the main journal

4. Rolling friction between the main

©  shdft and the main journal

If the correct lubricating oil is replaced

by an oil of a higher viscosity, a bear-

ing will be subject to

1. 1increase in pressure and in operating
temperature -

2. 1increase in
temperature

3. decrease in friction but increase in

. operating temperature

%. increase in friction but decrease in

operating temperature

friction and in operating

Whete are Zerk fit:iﬁgs used?

1. bn rotary water pumps

2. On gurbine bearings

3. On lube oil pumps

4. On bearings with a heavy load

3—53;

3-54.

3-57.

«

3-58.

3-59.

18

4. By regulating the ap

Which of the following valveo 1o uged to
prevent excessive presfiure in-the -obl
feed lines of a lube oil pump syotem? ¢
1. Governor

2. Throttle x
3. Reducing

4 Relief

How do you regulate the temperat f
the oil flowing around the tubes of &
tube-in~ghell type of oil cooler?

1. By regulating the amount of oil flow-

. ing around the tubes

2. Bi”regulnting the amount of sea water

flowing through the
3. By dodng both of t

. circulating around

Assume that you notice @ sudden; decided

drop in the pressure gage in the oil feed

line to the turbine bearings. The Chief

Machinist's Mate will immediately order

you to ~ L]

1. s8low down the engine until pressure
builds- up.again

2. stop the engine -

3. decrease the pressure in the cg&ling

* tubes

4. 1increase the pressure in the gooling

tubes

Mineral lubricating oils can withstand
the effects of high temperatures and

°apeed8 better than either animal or

vegetnble oil.

Assume that 60 cérof a class 3 oil at a .
temperature of 130° F require 3 wminutes -
to pass through the Saybolt viscosimeter.
Which of the following symbol numbers °
Jould be used to designate the o01l?

1. 1300 -

2. 1803

3. 3003

4. 3180 -

Why does a 2190TEP oil provide reduction
gears more protection than a 2190 oil?

1. It resists corrosion better

2. It protects better against the effects
of water

3. It can withstand heavier loads

4. It does all of the above

_What type of grease 1is used as a general

purpose grease for light loads and ordi-
nary operating temperatures?
1. Graphite grease

2. Soda soap grease fj
3. Lime soap grease
4. Lead oleate soap grease

7

I

r

+

73
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3-60.

3-61.
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Which of the following lubricating greases 3-62.
contains a gpecial additive to prevent

rusting at high temperatyures?
1. Lead oleate grease

2. Extreme prespure grease
3. Graphite grease

4. Oxidation inhibitor grease

”~”

Hard grades of grease are used for lubri-

cation of parts used at
1. high speeds under light pressure

X

2. medium speeds under medium pressure -

3. slow speeds under heavy pressure
4. high speeds under heavy pressure

-

\

19

227

If a lubricating chart has not been pade
up for a certain unit of machinery aboard
ship, you should determine the type of
lube oil specified ‘for the unit by con-
sulting the manufacti®pr's technical
manual. . ) '

K\v, .




o - Assignment 4 S _

Auxiliary Machinery and Instruments, Pumps, Valves, and Piping . |

Textbook Assignment: Ghapters 8, 9, and 10 ,

. 4-5, How 1s fresh water obtained from the
¢ . vertical basket type of steam-operated

Learning Objective: Identify the - distilling plant?
location and functions of shipboard 1. By vaporizing preheated feed water
auxiliary machinery and equipment. over and over aéain and .then condens-
Textbook pages 89 through 99. ' ing the feed water vapor
« v . 2. By using steam to boil sea water and
- X - then condensing the fresh water vapor
s - ) given off by the boiling sea water ,
4-1. Thg vapor compression refrigeratiom-system ¢ 3. By using combustion gases from a |
. is used ‘on naval ships for which of the -boiler furnace to boil feed water in
) following applications?. a coil and then condensing the fresh
T 1. Refrigerated cargo , water vapor gixgn off by the boiling-
2. Refrigerated ship's stores feed water o
3. Ship's service store equipment \\\ 4. By using combustion gases from a
4. All of the above ) . - ' boiler furnace to boil sea water in a® |
, o coil and then condensing the fresh
4-2. For Navy ships designed after 1950, the water~vapor given off by the boiling r
freeze room and chill/roaﬁs are kept at . sea ‘water h
which of the following temperatures? : .
1. 0° F and 33° F, respectively . _ 4-6. When there are two soloshell double-effect .
2. -5° F and 20° F, respectively ; evaporator plants aboard a destroyer,
3. -10° F and 10° F, respectively » they are located in the aft engineroom.
4. -20° F and 5° F, respectively . . .
. . 4-7. The two types of steering gear used by
4-3. The purpose of air onditioning aboard * the Navy are electromechanical and
naval ships is to : . . electrohydraulic,
1. - pravide comfort for the crew . .
2. protect edquipment from high tempera- . 4-8. In which of the following respects is
tures . ¢ electrohydraulic steering gear superior ~
3. increase personnel efficiency ’ to electromechanical steering) gear?
‘4. do all of the above » 1. Dependagility and flexibility -
: 2, SavinéE‘in weight and space occupied
4-4." In the vapor compression distilling plant, 3. Less friction between moving parts
- the source of energy used qébheat sea N and quicker responses to movements of
water 1is the steering wheel
1. stéam o0 oo 4. All of the above respects
2. boliling water ! - . s .
3. electricity . 4¥9. To meet Navy requirements, an anchor !
4. furmace gases windlassé must be equipped with brakes and

' a means of reversing direction.

"4-10. The capstan shown in textbook figure 8-7
is used for .

\ ’ ' 1. heaving-in on anchor chain

2. paying-out on anchor chain

3. heaving-in on heavy mooring lines

4. 1ifting boats

./ a3g .
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4-12.

I4-13.

4-14.

4-15.

4-16.

4-17.
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1. keep the oil rotating at the speed, F
. of  the bowl T
2. colfect the sediment or other impuri- -

‘ties » ¢
3. separate the oil into three layers
4. help accelerate the rotation of the

bowl i :
. . 4-18.,

Aboard Navy ships, compressed air is used
for -
Y. charging and firing torpedos - .7

The three wings on the tubular-type of
oll purifier serve to

2. ‘starting diesel engines
3. operating pneumatic tools
4. all of the above

Which type of air compressor is used most
in the Navy?

1. Centrifugal, turbine-drive .
2. Reciprocating, electric-drive -

3. Rotary, diesel-drive *

4. Rotary, electric-drive

Medium pressure air compressors are those
with discharge pressures that range
between -

1. 51 and 100 psi
2. 101 and 150 psi
3. 151 and 1,000 psi Y
4. 1,001 and 1,200 psi

If pregsure fails in the high—pr@gbure
tank of a direct plunger 1lift elevator,

what devices check the elevator's fall?

1. Mechanical locks .

2. Guide ratls

3. Special control valves

4. Automatic quick-closing valves in the

oil line

N

The speed of the gypsy head of an electro-
hydraulic winch is controlled by

1. regulating the operating curkent of
its a-c motor ,

2. regulating the operating voltage of
its a-c motor

3. adjusting the stroke of its hydraulic
pump : »

4; adjusting the clearance between the

friction surfaces of its brake

The galley equipment aboard modern naval
ships include all of the following except

1. toasters

2. mixing machines . ,
3. extractors .
4. refrigerators *

Learning Objective: Recognize the
principles of operation and uses of
engineering measuring instruments.

Textbook pdges 100 through 115.

v

.. .

&

The gages and other measuring instruments
in a shipboard engineering plant enable
operating personnel to

1. determine operating efficiency of,

{he plant
2. btain data for records and reports

3. detect abnormal operating conditions
in a system
4. do all the above

*

In items 4-19 through 4-22, select the type of
measuring instrument from column B that provides

the kind ¢f\measurement in column A
A.' Measurements B. Instruments
4-19. Height in inches 1. Pressure gages
4-20. Turns per minute 2. Liquid level
' ! indicators
4-21. ‘Yotal gallons 3. Revolution
counters
4-22. Pounds per square
~ inch 4, Fluid flow
. meters
4~23. On what principle does a Bo

229

21

gage work? .
Volume changes in a str

1.
tube tend to expand the
2. Volume changes in a coi
tube tend to collapse t
3. Pressure in a straight elastic tube

tends to bend the tube
Pressure in a curved elastic tube
tends to straighten the tube

The tube in a simplex Bourdon tube gage

is connected to a pressure source and

to an indicating mechanism. The ends

of the tube are fastened to a

1. stationary base and a connecting link,
respectively

2. stationary base and a connecting
" lever, respectively :
3. connecting link and a connecting
Tever, respectively
4. movement support and a gear sector,

respectively
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4-25.

4-26.

4-27.

4-28.

4-29.

4-31.

4-30."

1

;3
"4,

L

/,1.

3

«When the pressu : being measured with the

gage ghown in”t
increased, the
tube has a tend acy to move so as to
cause the . ‘

S\Sear sector teeth to disengage from
\\-e pinion gér’

¢tbook figure 9-2 is

.

2. “Zubg to bect te more curved

3. Ater to t.rn cl “

4, ‘er to tusn ¢ unterclockwise
Which “afl the following medsurements is

taken with a simplex Bourdon "tub® gage?
1. Depth of water in a ship'’s fresh
water tanks

2. Amount of fuel oil flowing through a

valve
Pressure in a compressed air system

4-32.

Inkage end of the Bourdon

4-33.

4. Pressure drop between inlet and outlet

sides of a lube o0il strainer

™ The dﬁplex Bourdon tube gage‘éan be \

thought of as two simplex gages in one.
However, the duplex gage ufts a'single

1. gear mechanism

2. dial -
3. pointer )

4 tube e

S 4-34,

The type of gage whose .indicating mecha-

nism is shown in figure 9-6 of Yjour -
textbook 1is used for measurifig
that range between

1. . O and 15 psi gage
2. 16 and 30 psi gage
3. 31 and 50 psi gage
4 51 and 100 psi gage

Which type of instrument 18 best for
measuring air pressure in the space
between the inner and outer casings of
a boiler? R

1. Duplex Bourdon tube gake

2. Compound Bourdon tube gage

3. Bellows gage

4. Diaphragm gage

Which of the following parts is the
essent'ial element of a manometer?
1. Bellows

2 Bimetallic strip

3. Diaphragm-covered chamber
4. Liquid-filled U-tube

Most liquid-in-glass thermometers in

shipboard engineering plants are filled
¥ o

1. hyl alcohol :

2.

benzine
mercury
dyed water

,,eressures

4-35.

\6X36.

-

~ The element of a bimetallic dial thermom--,

eter responds to a rise in temperature
by ‘ ,
1. expanding outward, thereby pLeasing
against the wall of the retaining
tube »

2. unwinding, thereby twisting the free
end of the element

3. contracting lengthwise, thereby pull-
ing the free end of the element
inward

4. expanding lengthwise, thereby push-

ing the free end of the elem
outward
. P
Which component is the sensing element
,of a distant-reading mercury-filled
thermometer? ,
1. Mercury bulb
2. Capillary tubing
3. Flexible cable- - .
4. Bourdon-tube pressure gage
Which of the following types of thermom-
eters indicates temperature change as
a result of pressure-volume changes?

1. Bimetallic

2 stant-reading
3. Liquid in-glass .
4. Pyrometers

The metals that makg\up the actuatiéﬁg
element of a pyrometer Yespond to a
rise in temperature by converting heat
energy into

1. chemical energy

2. luminous energy »
3. electrical energy
4. mechanical energy

In the static head gaging system, the
amount of 1liquid in a tank is determined
by means of a-direct measurement and
conversion to another unit of measure.
Which direct meas@irement and conversion
.18 used to determine the amount of oil
in a fuel oil storage tank?
1. The depth of o0il is measured directly
in feet and is converted to gallons -
‘of oil- :
2. The pressure of the oil at the tank
bottom is measured in inchkes of
mercury and the pressure is converted
to .gallons of oil . )
The temperature of the oil at the
tank is measured directly in degrees
and' the temperature is converted to
gallons of oil
The volume is measured directly in
cubic feet and volume is converted
to gallons of oil




* pipe
3. Total number of turns made by a shaft
4. Rotational speed of a pump

4-39. What instrument is commenly used to

E

-

Q

RIC °

. . FIRST READING

SECOND READING

Figure 4A.~Round reading registers.

‘e o3
- 4-37. The two meter readings of figure 4A were
taken 1 hour apart. How much liquid was
measured during the hour?
1. 699 gal
2 869 gal
, 3. 938 gal
4. 1,129 gal
4-38. Which quantity is measured directly with

evolution counter? ,
. Rotational speed of a turbine

2. Rate at which oil flows through a

measure the rotational speed of a shaft?
1. Manometer
2. Tachometer
3, Hydrometer
Barometer

© 4-40. With\bhich kind of tachom fé' do you

make direct contact v }iﬁg
shaft to obtain instantaneoué V& ;
of speed on a dial face?

1. Centrifugal

2 Chronometric
3. Both 1 and 2 are correct
4 Resonant -
- ‘

)

4-41.

]

4-42.

4-43.

4-44.

Which of the followin 'types of tachom-
eters can be used to §Easure the speed
of a rotor when there is no access to
its rotating shaft?

1. Centrifugal

2. Chronometric

3. Resonant

4. Any of the above

Which type of tachometer is used to «
obtain speed readings continuously instead
of intermittently?

1. Portable centrifugal

2., Portable chronometric

3. Revolution counter

4. Resonant reed tachometer

The superheater temperature alarm on a

boiler is actuated by an electric micro-

switch. The force that throws the

microswitch is provided by a

1. pressure that is exerted by a rise in
temperature S

2. cantilever arm that moves when mercury
expands in a spiral—wound Bourdon

" tube

3. revolving gear that meshes with the
microswitch

4. torque that is exerted when a bimetal~

lic element is heated ) .-

Which signal is an indication of low
pressure at the bearing located farthest

.from the lube oil, pump?

1. Steady red light on a control board
2 Ringing bell or loud siren

3. Intermittent buzzing sound

4. White light flashing on and off

\ g




4245 ,gpw i8_the throttleman warned if he tries 4=51.

to open the ahead throttle valve when the

_engine ordef tele%faph indicates "agtern"

1. By smoke coming d from the peri-
scope smeke 1ndic::§?“J?

2. By a flashing light on the throttle-
board

3. By a loud signal coming from ‘the

. wrong direction alarm *,

4. By a buzZing sound coming from the

static head gaging sﬁstem e

.~

(k3

Learning Objective: Identify some
principles of pump operation and
specify the ways of classifying pumps,
giving essential construction features
of different components. Textbook
pages 116 through 123.

4-46.

4-48.

Aruitoxt provided by Eic:

What is the name for a device which is
le to move a flddd from one place td
andyher through the use of an gxternal
source to apply a force to ﬁ?

- -

Pumps supﬁly the sea water in a ship's
firemain system. Valves in the system
Ffurnish the means of controlling’ the
directidﬁ that the sea water flows
amount of sea water flowing
pressure of the sﬁa water
direction of flow, amount, and pres-
sure of the sea water ’

€ -

Which of the following pumps is classi-a
fied according to, the type of movement*
that causes it to pump?

1. Variable stroke pump

2. Positive displacement pump

3. Self-priming pump

4. Jet pump

Which of the following pairs of words
refer to the same end of a g&gp? "
1. Power end and fluid end

2. Liquid end and pump end

3. Power end and pump end

%. Pump end and sgfeam‘’end S >

Aboard ship, you might refer to the power -

end of a firercom pump driveq\by an
auxiliary turbime as the

1. rotor end- .
2.. turbine end

3. dimpulse end

4 steam .end .,

A 2] N -
4 » AR o
- . ‘\r -

In which pump is the hovement of fluid .
due to a plunger that moyes up and down

? inside a cylinder? & R
<™ 1. Rotary .
2. Reciprocating , ¢ «
- 3. Céntrifugal :

4. Propeller

4-52,

Why are reciprocating pumps used for
emergeéncy feed water pumps on naval
vessels? .
1. They are easy to operate
2, They are reliable starters under cold
conditions .
3. They can be started safely even by
personnel having little experience
4. A%} of the above reasons
'
/ .
3>
Figure aB.—Double—acting pump. .
4=53. In the pump'shown in figure 4B, fluid is
discharged on the dowﬂétroke through
% 1. valve B ~
A . ~ .
N 2. valve D ~ N\‘“\
3. Valves B and D .
4. wvalves C and ‘D
/\
4~54, How do the valves move when ‘piston P in
« . _the pump shqvn in figukre 4B moves upward?
# L. Valves A'and C close; valves Band D ~ "
N open
2. Valves A and D open' vhlves B and C
close \
N 3.. Valves A and P close; valves B and C
- open ..
4. Valves A agd B open; valves . and Dy
¢lose - . .
- . Y
. ' {




Figure 4C.-0perntiﬁg principle of D-shaped
slide valve of a reciprocating pump .

4~55. The D-valve in the pump, figure 4C ig
moved up and down by the
1. pressure in the steam chesgt
9 2. piston rod through a mechanical v
linkage
3. movement of exhaust steam through the
cylinder ports
4. difference in pressure betweéh the
upper and lower halves of the steam
chest
" 4-56. Aftef first closing the throttle in the
Process of securing a reciprocating pump,
the next step you tak? is to
1 close the exhaust valve
2. close che;ynlvea in the discharge
lines
3. open the drain valveg =
4. close the valves in the suction line
4-57. The movedeng that causes a variable
stroke pump to actually pump and by which
the pump is classified is brought abouyt
by .
1. a tileing block rotating inside a
cylinder
2. pistons reciprocating inside cylinders
3. propellers rotating inside cylinders
4. an impeller rotating inside a casing
4-58. The piston, stroke of a wgterbury variable
stroke pum) is determihed by theg
1. size of the cylinder
2. tile of the angle plate’
3. speed of the motor .
4. direction of o1l flow
4~59. Which condition exists when the tileing
box is at right angles to the drive shaft
while the pump is rotating? \
1. The pistons reciprocate
2. Liquid is pumped
3. No liquid is pumped
4." Power ig transmitted hydraulically
=3
.
Q
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PAFulText Provided by ERIC

A ) R D -

Figuro 4D..Simple gear pump.

Agsume that the gear pump of figure 4D,ds

used for lubricating o1} service. How

does the. 011 pass through the pump?

1. 011 movesg Into the pump through
suction side A, passes around the \
‘gears 1n, the 8paces between the pump
¢ase and the gear teeth and discharges

. through olitlet B ’

2. 011 moves into the pump through hb
suction side A, passes through ¢t two
-gears, and discharges through out-
let B

3. 01l moves into the pump through
gyction side B, Passes around the
gears in the spaces between pump
case and the gear teeth, and dis-
chgrges through outlet A

4. 011 moves into the pump through

suction side B, passes thrpugh the

two gears, and discharges through

= outlet A

4-60,

{ '.

- //fr ‘
4-61. Positive'dISplacemenc pumps include all
of the following except
1. Screw
2. Reciprocating
3. Centrifugal
4. Variable stroke

L ) '

T LN
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s | Assignment 5

t

Puopo, Vdlveo, Pipinp, and Shipboard Eloctrical Equipnent

Toxtbook Aosipgnment: Chaptors 10 and 11

1 . 4
2 N 5-6. Jet pumps ar4&c1auuified as ejectars or
) ’ eductoro dccotdipg to whothor,otean or )
Learning Objeétive: Idon;ﬂfy the woter 1o uoed to ontrpin and move fluido.
location and functiods of chipboard ' //"D .

auxiliary machinery and equipoent.
Textbook pages 122 through 126.

s NS N
1

5-1. The”uch@ pump io similar to the gear pump
+ . 4in ‘that both are
1. pooitive displacdement rotary pumps
2. variable capacity pumpo
3. pooitive dioplacement centrifugal
*  pumpso .
4. non-gelf-priming pumpd

5-2. Fluid cntering the inlet pipe of a cen-
trifugal pump 18 firot.directed inta the
1. center of the caoing, .
2. waneg of the impeller
3. opacé botwveen the impeller vanes and . D —>
T i

&, volute diffuger : -

5-3. What precaution must be taken in the
. {installatien of a centrifugal pump to
engure ﬁﬁ% it Will become primed when R
its ifitake pipe 'is open?
1. e intake pipe onty 1o above the
urface of the liquid to be pumped
2. 'The intake pipe only {s below the sur-
face of the liquid to be pumped

& 3. The entire puymp ic above the ‘ourface
of the liquid to be pumped i
4. The entire pump is below the surface _
. - - Figure 5A :

of the liquid to be pumped

Refer to- figure 5A. Why. io pumping action
egiablfchell after oteam lowero the pres-
-guré 'in C by forcing fluid into B?

1. Velocity increace at B draws fluid
from A and discharges it through E
Pregsure difference betveen G and .
atmosphere lifts fluid indo C and .

5-4. A propeller pump pushes liquid in a 5-7.
direction perpendicular to the ghaft. 4
L]
5-5. Which feature of jet'pumpa makes them
- difforent from all other pumps claosified
. according to the type of movement causing 2.
sthe pumping agtion? o

1. HigHh ouction lift through A .
2. No moving parts ; 3. Pressufe difference between C and the |
* 3. Self priming . atmospherg lifts fluid into C and . e
through E :

_4. Poaitive displacement

v

- 4. Velocity increase at B draws filu
from A and discharges it through' D .

Q

ERIC.,

PAFulToxt Provided by ERIC




5-8.

5-9.

0n necv cocbatant shipo, tho pricary neano
of dewatoring céupartrents through the
drainage gyotea aro

l. firc and bilge pumps

2, fixzcd-type cductors

J. eentrifugsl firo pumpo

. 4. Hatorbury variablo~voluce pumps .

If a conotant~prescurc pudp govornor is
attached to a goar punmp, tho govornor io
connected to- the

1. driying gecar

2. drivon goar

3. ouction linc |
4. diochargo ltne

0

Leorning Objective:r Idontify tho
various kinds and typeo of shipboard
valves, including conotruction
featuros, thoir locationn, and
functionos. Textbook pages 127 through

134. <

5~10.

" 5-12.

5-13.

~ ERI!

s

Rofer to textbook figure 10-14. Which
parto of tho globe valve wmove when the *
handwheel 1o turned counterclockwiuc?

1. Sten and disk

2. Gland and flange

3. Bonnot and bushing

4. Packing and stop ring

The special dooign of back seating valver’
nakes it posoible to operate them fully
opened with no lecakage past the packing.

s
Fluid 15 permitted to flow through the

body of a globe sotop valve by turning

the handwhecl in the direction which will

cause the

1. diock to 1ift off the valve sceat

2. diok to fit tightly agoinot the valve
seat

3, otem to pull away froh the packing

4. oten to make contact with the packing
gland

In which way does a gate valve differ from
a globe valve?

~ 1. Path of the fluid through the gate

valve {o otraight, through the globe
valve the path ioc not straight :

2. Flow 15 regulated by degrees through
the gate vilve but not through the
globe vulz;

3. The gate valve works well ao a throttle

volve, the globe valve doec* not
4. The gate valve 15 used in fuel lines
only, tha globe valve in water lines

5-14

.

\\

5-13.

5-16.

-~

5-17.

5-18.

+ 5-19.

that takos place inoide tho body of a

plug valve vhen the handlo io turncd to

open tho valvo?

1. A diok 1l4fto off ito scating surface

2. 4 boll-ohaped pieco flouto off a
sceoting ring

3. A paosagevay in on otbotuioo oolid
plcea linos up with tho ports in tho
valve body

4. A wedgo-shaped picco risoo to create
an oponing in tho passageway through
tho valvo body

Tho plug valveo nay be uoed ao a

1. throttlo valve
2. ocloctgr valve
3. ncodle valve
4. . chock valve

that type of valve 1o used in a line
whore tho flow of fluid through an open-
ing wuot bo rogulated gradually and

exactly?

1. Pigton ’
2. Noedlo

3. Gatc .

4. Globo

You can rc€t¥n a fully opened buttorfly
valve to ito fully clooed pocitiom by
1. ,dopresoing a pushbutton .
2. turning the handlo to the opposite
position B
3. 1lifeing up on the handle
. turning the handlo one-fourth a turn

The owing check valve opens only when the

1. 1inlet pressure io greator ;hun outlet
' prengure

2. outlet prossure 1o greater than inlet
proosure

3. 1inlet prossure io greater than opring
tencion .

4. outlet pressurc is greater than opring
Epnoion

Whothot a otbp-check valve acts as a ctop
valve or as a check valve depends on the

. 1. pooition of the control lover

5~20.

2. direction of flow ,
3. type of disk installed
4. pooition of the stem

The double-poppet throttle valve io
actuated by '
1. manual force and power from an
electric motor
2. mnopual force and power from a hydraulic
notor

" 3. otean pressure within the valve and

manual force
4. opteam pressure within the valve and
pover from a hydraulic motor’




5~21.

3-22,

5-23.

5-24,

5~25.

ERIC

Aruitoxt provided by Eic:

4 rolilef valvo {o'a typo of

turo=~
control valvo that 1o deoigefd to opon
autongtically whon lino pregouro {0 too
high.

Hhother o rolief valve {n of tho dick

typo or ball type, it 1o kept closed by

the

1. comproooion of a utcol opring

2. woight of ito valvo body

3. rnanuol forco with which ito sten 1o
turncd -

4. roactivo forcoe opposing the manual
forco used to turn itg oten

Reducing valvos used in roduced preosure

linco aboard ohip are dooigned to

1. provent domago to the lines due to
onceosoive prosooure

2. kecop oporating presoure cqual to
oupply presourec

3. vary oporating presourc according
to demand

4. provide a steady preﬁuurc lowgr than
the oupply preooure

What 15
tion of
1. The

onc of the factoro that the opera-

a reducing valve dependo upon?

valve naintains outlot presoure,
and inlet preooure in cquilibrium

2. The valve nmaintains outlet presoure
at onc-half the inlet presoure

3. The 1inlet proooure controls the rate
at which outlet otean puuucu throdgh
tho valve

4. The outlet preosure controls the
rate at which inlot oteam passoes
throdgh the valve

A rclief valve 4o never installed ao a

oafety valve on the steam drum of a.

boiler. Why?

1. It will not remain open long cnough
for blowdown to occur

2. It will not pop atga opecified preo-
oure

3. It will not closc tightly without
chattering nor remain closed long
cnough after oceating

4. It 1o not inotalled because of all

" the above rcacons

.

| 5-28.

{

e

Learauing Objectivo:r Dolineato .
shipboard piping, {ncluding pipo =4
dofinitions, pipec vatorials, pdpo

fittingo, gaskots and packing,

otrainers, stean traps, ond droins.

Textbook pages 135 through 141.

-

5-27.

5-29.

5-30.

5-31.

236

28

‘steam gervico?

Pipo deosignations that refer to tho wall
thicknoos on the pipe include
1. otandard
2. oxtro otrong
3. double extra strong
4. all of the above
L 2N M

If the nominal ID of a double oxtra
otrong pipe 1o 7 incheo, {to actual ID 1o
1. leoo than the attual ID of a 7-inch
axtra otrong pipe
core than the actual ID of a 7~ianch
extra otrong pipe
3. rwore than the actual ID of a 7-inch

otandard pipe
4. wore than 7 inches

24

The oize of tubing 10 generally exprcuucd

in termo of 1{to

1. actual inoide digmeter

2 actual inpide circumference

3. nomina)l outoide diometer .
4 noninal outside circunference

Steam and fuel o!:

~{oing svatemn Lboard
ohip are made of *

1. oteel

2 copper

3. braoo * R
4 copper-nickel alloy

What type of oteel tubing io ugually
used for high-prpsoure, high-tefpperature

1. Seahleoo carbon steel
2. Molybdenum alloy oteel
3. Chromium alloy ateel
4. Welded carbon stecl

The composition of the gasket material

oelected for use in a piping gystem

depends upon all of the following except

1. temperatures to which the fluid
carried in the system will be
oubjected

2. pressures to which the iluid carried
in the soystem will be subjected

3. kind of fluid carried in the system

4, number of gtrainero installed in the
syotem




On naval veod

) 5=32. o, condengato ig removed 5-39,
‘ froo otcam Ynoo by peano of
1. rochadical ateam trapa
2. thernootatic stean trapo
3. 1icpuloe otean trapo
4. droino and cechanical, thcrnoutatic,
and impuloe gtean trapo
Learning Objoctiveo: Rocognige the
inhorent hazordo of cloctricity
and oboerva 8ll oafoty procautions
vhen working with or near electrical
aystena and equipment. Textbook pageo
142 through 154.
5-33. Which of the following gubotances offero
the =oot reoiotance to electric current?
1. Iron '
2. Mica
3. Aluminum 5-40.
e 4. Copper
5-34. The rate at which a current pasaes
through a lighting circuit is measured in
~1l. watto
. 2. volta
JL ochms
4. anpered )
5-35. A unit of electrical resistance is the
1. wat
2. oﬁﬁs
3. ampere * 5-41,
4, wvolt
5-36. Aspsume that a goldering {ron i{s rated at
100 watts. This information tells you
about the
1. powver conoumed by the iron
2. reaiotance of the iron
- 3. "emf of the {ron
4 rate at which current flows through
the iron
5~37. A shipboard generator operates at greatest
efficiency wWhen operating
! 1. 1in geries with other generators of 5-42.
. same rated output
N 2. at 11 rated output
3. at pPeriods of minimum power demand
4. with batteries fully charged
5-38. The rotatinggmember of a d-c generator is
) uaually called the
"1. armature
2. yoke
3. field winding T
4 rotor
o
237
29
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Aruitoxt provided by Eic:

Hhat 15 tho differenco botween the oystens
for delivering current froo tho a-c
Benerator and froo the d-c generator?

1. In the d-c generator, current flowo
from the cozmutator to olip rings .
to the circuit; {n the a-c gencrator,
it flows from the otator to brushes
to the circuit

2. 1In the d-c generator, curvent flowo
from the rotor-to atator to the
circuit; in the a-c generator, it
flowo from the rotor to the circuit

3. In the d-c generator, current flowa
from the commutator to brushes to
the circuit; in the a-c generator,
it flows from the otator to the
circuit

4. In the d-c generator, current flows
from the.slip ringo to the bruahes:
to the circuit; in the a-c generator,
it flowa from the bruahes to the
rotor to the circuit

Revolving-field generators are superior

to revolving-armature generatora in that

they

1. have their load current from the
atator connected to the external
circuit without the uge of slip ringo

2. need only two slip rings to supply
excitation to the revolving field

3. do not have their stator windings
subjected to mechanical atresses due
to centrifugal forces

4. have all the above features

What provision is made to prevent a high-

speed turbine-driven alternator from

overheating?

1. A forced ventilation system circulates
air through the stator ‘and rotor

2. The alternator is used in conjunction
with others and automatically goes
off when it becomes warm

J. A heat-limiting gdvernor controls the
temperature

4. The alternator parts are encased in a
metal structure that is surrounded by
cold water

What {a the source of energy for the
turbines that drive a ship's gervice
generators?

1. Saturated steam

2., Superheated steam .
3. Diesel engines

4. Batteries ‘




5-43.

5-44.

5-45.

5-46.

5-47.

5-48.

5-49.

Ono opecification that all ohip's service

gonorators cust moot 10 that thoy

1. oupply at lecact 600 volts of cloc-
tricity

2. oporatc at a conotant opced

3. boc able to run indofinitcly without
shutdown

4. oupply altcrnating and direct current
to chip'c circuits .

Yhy are cmergency generatorg oboard Navy

ohipo diesel driven rather than turbine

driven? ~

1. Dicoel enginec can generate thore
power than turbineo

2. Diesel cngines can start faster than
turbines

3. Diesel engines are casier to opern:e
than turbines

4. There 10 less danger.df fires from
dicoel engines than from turbines

The control owitchboard on a destroyer
has inotruments and controls for pnral—
lcling the forwvard and after ship's
sorvice generators and for equalizing
the load between thenm.

The automatic voltage regulator maintains
constant voltage during load change by
varying .

1. armature resistance

2. field excitation

3. generator gpeed

4. governor speed

Switchboards on Navy ships are provided
with fuses instead of automatic tripping
circuit breakers to protect against
voltage failure.

Which of the following troubles will
cause an .a~c generator circuit breaker
to trip?

1. Gun fire

2. Power reversal

3.  Short circuit in a lighting circuit
4, Short circui: in a fresh water pump

Emergency genern:ors provide electric

© power to

ERIC

Aruitoxt provided by Eic:

1. emergency lighting o

2. 1limited lighting and vital auxiliaries
3. 1limited auxiliaries’

4 fireroom auxiliaries

30
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5-50.

5-31.

5-52.

5-53.

5-54.

5-55.

5-56.

What 1o used to oupply d~c powor to
the d-c loads on the new chipo that
have a-c power plantg?

1. Rectificro

2., Motor generators

3. D-c generators

4. Emergency generators

wWhat device in a ohipboard electrical

syotem will operate when power ic ocuddenly
applied to a gun mount and to the anchor
windlaoos at the -gome time?

1. Circuit breaker

2. Rheostat g 0~
3. Voltage regulator

4. Emergency generator \"

Although gteam is readily available

aboard most chips to drive auxiliary

wachinery, electric power 16 used for

most equipment located outoide the

machinery spacea. Electric¢ cable is

superior to steam piping for trangmitting

pover becauge it io

1. more easily controlled, lecss easily
damaged, and more durable

2. more durable, more easily repaired,
and more convenient

3. legs easily damaged, safer, and more
easily controlled

4. wmore easily controlled, safer, and
more convenlent

Which of the following pieces of equip- ~
ment may be equipped with electric
brakes?

1. Anchor windlass

2 Switchboards

3. Generators

4. Auxiliary pumps

-Shipboard motor controllers are used for

1. sgtarting and stoppfing motors «
2. “increasing and decreasing motor
speeds

3. reversing the direction of rotating
motor shafts
4. all the above purposes

b
The presence of salt water in the elec~-
trolyte of a battery can set up a
chemical reaction that is damagng to the g
Battery.

Assume that you are assigned to a ship's

boat as boat engineer. If you see the

bowhoolt pourfding on a steel bolt with a

steel hammer in the yicinity of the .

battery compartment, you should stop him

immediately in order to prevent

1. damage to the battery case

2. serious 5njﬁry from spilled electro-
1lyte i

3. electrical shock

4, a possible battery explosion




» . . \

5-37. The reloy-oparsted battle lantoern in on 3-61. Power ond lighting dictribution systenms .
energency lighting circuit turng on auto- vary in thot the
motically when the 9\ 1. oystems have difforont pover sources
. 1. ecmergency owitchboard 1o cnergized 2. ower distribution oystens corry
2. reloy 1o connccted to the circuit higher voltageo
3. power to the circuit 1o ghut off 3. poupr distribution oystems are moro\\\
4 owitchboord cmergency circuit is . hydorous
clooed 4. ighting distribution systems hove
.. h larger cobleso
5-58. Hand (battlo) lontorns inotalled through-
out the chip thsot ore not connected to 5-62. If o ohip'o pervico gencrators furnich
relayo are usaed for current ot 445 volto, whot devices are
1. explooion proof light when needed in used to otep down the voltoge to operate
. newly open#d voido 110~ to 120-volt equipment?
2. necessary lighting when shifting 1. Rheostotso
generators 2. Controllers @
3. oreao not covered by the lighting 3. Transformero
diotribution gystem 4. Voltage regulstora N
. 4. emergency use only
5-63. Only Electrician'oc Mateo or I. C. Elec-
5-59. Portable power toolo in uge on Navy ships tricians chould repoir eloctrical equip- .
arc provided with three conductors, the ment aboard a sh
third conductor is to
. : 1. provide heavier loads for heavier 5-64. You are repairing a motor-driven pump.
work The motor circuit contains s switch.
2 protect operators from ghock You will be observing electrical safety
3. permit reversing of thd tool precautions when you have an electrician
4. provide emergency service if one of 1. disconnect the motor from the circuit
N the conductors is damaged by opening the owitch
. 2. attach a warning tag to the switch
5-60. Normally, electric current for the lights 3. connect the motor to the circuit by
: in a ship's machinery spaces 1s conveyed closing the switch after the repair
by thge power distribution system. ‘ work is done
r“‘ 4. do all the above
s
' A
)
|
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Assignment 6

Internal Combustion Engfinces and Engincering Watches

Textbook Asocignment:

Chapters 12 and 13

Learning Objective: Recognize the

[basic principles of internal com-

bustion engines.
156 through 158.

Textboolt pages

6-3.

Aruitoxt provided by Eic:

An internal combustion engine converts

1. thermal cnergy to mechanical energy
through the use of gteam

2. mechanical energy to thermal energy
through the burning of fuel in
cylinders

3. thermal energy to mechanical energy
through the burning of a fuel-air

" mixture in cylinders

4. mechanical energy to thermal energy

through the use of gteam

Combustion takes place in (A) a diesel

engine and (B) a gasoline engine as a

regult of ignition by

1. expansion of compressed gases in A and
by a spark in B

2. heat of compression in A and by a spark
in B

3. a spark in A and by heat of compression
in B

4. a spark in A and by expansion of
compressed gases in B

The one-way distance a piston travels
betweeri 1ts upper and lower limits of
travel in a cylinder is referred to as a

During the intake stroke of a piston in a
4-gtrolte~cycle diesel engine, the piston
moves downward and draws a charge of air
into the cylinder through open intake
valves while exhaust valves remain closed.

+

32

6-7.

6-9.

0

In tho operation of a gasoline engine,
the force that pushes the piston dowmward
is the

1. compression of fuel-air mixture

2. 1intake of fuel-air mixture

3. expansion of burning gages

4. removal of burned gases

During which of the following piston

strokkes 1s power furnished to the crank-

shaft by the piston? -

1. Intake, compression, power, and
exhaust

2. Intake, compressoion, and power

3. Compression and power

4. Power

Which of the following events in the
operating cycle of a diesel engine does
not take place in the operating cycle of
a gasoline engine?

Injection of fuel

Compression of air

Expansion of gases

Removal of burned gases

SN
e s s e

-2

With respect to which factor must 2-stroke-

_ eycle diesel engines differ from A-Stroke-
cycle diesel engines?
1. Number of pistons
2. Piston arrangement
3. Number of piston strokes in a complete

cycle

4. Distance a piston travels during a
stroke

When the ston nears the bottom of the

power gtroke in the 2-stroke-cycle engine,

— what is forced through the cylinder iptake
ports? $
1. Fuel oil V*‘&

2. Scavenging air
3. Lubricating oil
4, Cooling water




4

6-10. Which of the’following rcagons partially
accounts for the failure of a 2-gtroke-
cycle engine to produce twice the power
of a 4-gotroke-cycle enginc of the same
size?

1. Some power dovelopéa/ y the 2-gtroke-
cycle engine io used to force air

© into each cylinder

2. Leoo than all the combustion gases
are ocavenged from each cylinder of
the 2-stroke-cycle engine

3. Por a given air-fuel mixture, leos
fuel and air enter the cylinders of
the 2-ctroke-cycle engine
Any of the agbove rcagons

/
Leurning Objective. Identify the
Jmain componeutu\gf the diegel . cagine
% and indicate thelr finctions. Textbook
pagep 159 through 164,

6-11. The combustion chamber of a one-cylinder
diegel engine is sealed off from the
. crank€ase by
1. a piston and its rings )
2 an exhaust valve and an intake valve
3. a piston and an exhaust valve
4. a piston and an intake valve
6-12. The part of a diesel engine used to
change rotary motion to intermittent
reciprocating motion is the

1. crankshaft

2. driveshaft

3. bearing

4. camshaft T

N

Vs

B

Figure 6A

EE

s v : ®

6-13.

6-14.

6~15.

6-16.

6-17.

6-18.

6-19.

Which letter of figure 6A refers to the
part of a cam that 1s known ag the cam

flat? ¢
1. A
2. B
3. ¢
4. D

The exhaust valves in the cylinders of a
diecel engine are opened by action of the
1. crankshaft
2. connecting rods
3. valve apring .
4 camshaft . i}

L I
The motion of the cam in a diesel engine
is cranamitted to the exhaust valves-by
the dction of the
1. rocker arm and the bridge
2. rocker lever shaft and the bridge
3. rocker lever ghaft and the cam roller
4. rocker arm and valve guide

In a 2-stroke-cycle engine, how many times
does the camshaft turn as the crankshaft
makes 16 turns? -

l.. 8
2. 16
3. 3
4. 64

[
~d

The speed of a reciprocating engine 1is
the same as the speed of the engine's
crankshaft. Relative to engine speed,
how fast does the camshaft of an
8-cylinder, &4-stroke-cycle engine turn?
1. One-eighth as fast

2. One-fourth as fast

3. One-half as fast

4. Twice as fait

During the intake stroke of a 4-stroke-

cycle engine, air is forced into the

cylinder by

1. atmospheric pressure

2. the pressure of exhaust gases

3. rotary blowers

4. unit injector

Descri the changes in the temperacure

and voYume of the air in a cylinder of a

réciprocating engine during the compres-

sion. stroke of a piston.

1. Temperature increases; volume
decreases :

2. Both temperature and volume increase

3. Temperature detreases; volume
increases

4. Both temperature and vo&ume decrease




6-20.

6-21.

6—-22.

6-23.

6-24.

6~25.

ERIC

Aruitoxt provided by Eic:

Which- of the following compression rutios

io typical of diesel engines?

1.
2.
3.
4.

4:1
5:1 “
10:1

5:1

\’J

%

Items\ 6-21 through 6-23 refer to the‘Tuel
supply\ system of textBbok figure 12-6

-

Which c§mponent functions to meter,
pressurize, and atomize the fuel?

1.
2.
3.
4.

Fuel pump
Inlet manifold
Injector
Outlet manifold

Which component filters for the last time
the fuel that enters the combustion
chamber of the engine?

1.

2
3.
4

The speed of the engine is controlled by
varying the amount of fuel injected into
the cylinders of the engine.
.charge 1is varied by

1.
2.
3.

4,

Primary filfer .
Secondary filter
Fuel pump
Injector
»

/|The fuel

rotating the(Plungers in’ he unit
injectors

enlarging the holes in thé .injector
nozzles =
increasing the capacity of the fuel
pump

changing the compression ratio of th
engine

Which of the following types of action
would most likely be necessary 1f the

lubrication system of an intermal com~
bustion engine should fail?

1.
2.
3.

4,

Main oil line should be flushed out
0i1 pressure gage should be replaced
Camshaft gear and crankshgft gear
should be cleaned

Engine should be completely overhaul

The engine should be secured until the
trouble 1s located and corrected 1if

1.

2.

3.

the o0il pressure should drop to lowe
than normal

the temperature of the oil should
rise abnormally -

either 1 or 2 above should occur

6-26.

NS

Fresh water and salt water are both used
as cooling agents in a type of diesel

engine.

In this engine the function of

the sea water is to

1.
2.
3.

4.

cool the fresh water after it cir-
qulates through the engine

replace the fresh water when its
tempernturﬁﬂaxceede 212° F

supplement the supply of fresh water
lost due to evaporation

slow down the cooling process when
higher engine operating temperatures
are desired

t
6-27. How long may the electric starter
motor for a diesel erfgine be
operated?
1. 30 to 60 seconds
2 30 siggnds
3. 2 to*3 minutes
4 3 to 5 minutes
Learning Objective: Identify the
main components of the gasoline ™
engine and indicate their functions.
Textbook pages 165 through 169.
* t
L3
6~28. In a gasoline engine carburetor the
mixture ratio is the number of
1. pounds of gasoline vapor mixed with
- each pound of air
e 2. cubic feet of air mixed with each
¢ubic foot of gasoline vapor
3. pounds of air mixed with each pound
of gasoline vapor
4. cubic feet of gasoline vapor mixed
with each cubic foot of air
ki
6=-29. Which of_the components of a gasoline
engine ignition system belong to the
secondary circuit of the system?
1. Battery, ignition switch, and breaker
ed : points
2. Distributor cap, distributor rotor,
and spark plugs
3. Battery, spark plugs, and condenser
r 4. Distributor cap, breaker points, and
coil
6=30. The device that serves as a selector

the oil strainer should become clogéeﬂ

34

switch for channeling electricity to the

‘individual cylinders of a gasoline engine

is the .
1. condenser

2. ignition switch

3. distributor

4. 1ignition coil

t




6-32.

6-33.

In the primary circuit of a gasoline
engine ignition syatem, current flows
from the ignition coil directly to the
1. spark plugs

2. distributor rotor

3. breaker points

4. battery

The breaker points of a gasoline engine
are protected from burning by

1. a condenser
2. a coil

3. a. ground to the engine frame
4

iﬁﬁq?ators

A recommended method of cleaning fouled
sparlk plugs is to

1. soak ‘them in cleaning fluid

2. wirebrush or sandblast them

3. rub them with an emery cloth

4. scrub them with warm soapy water

Learning Objective: Identify the
main components of the gas turbine
engine and indicate their functions.
Textbook pages 167 through 169.

. -

6-34.
. 6-35.
)

6-36.
IN
' 6-37.
|
A
L

Q

A i 7o provided by eRic

Gas turbines are like reciprocating
engines in which of the following
respects?

1. Air 1s compressed

2. A fuel-air mixture is rned
3. Combustion gases are expanded in
developing power

4. All of the above respects

In gas turbine engines compression, com-
bustion, and expansion take place in
three separate components while in
reciprocating engines these events occur
in only one component.

Al

Which component serves the gas turbine
engine as the pistqéf;erves the recipro-
cating engine?

1. Burner

2. Turbine

3. Rotor

4. Compressor

One advantage the gasoline engine has
over the gas turbine 1s that the gasoline
engine

uses less explosive fuel

2. consumes fuel at a slover rate

3. needs fewer moving parts

4. accelerates rapidly from cold starts

[

6-38.

6-39.

-

Advantages of the gas turbine engipe over
the dieael engine include all of the

followin except
1. leasgﬁibration at full power
1

2. smalleX number of components

3. faster adjustment to varying loads

4. smaller components for air inlet and
exhaust

Which events occur in the forward section
of the gas-turbine engine?

1. Compression and combustion

2. Compression and expansion

3. Combustion and expansion

4. Combustion, compression, and expansion

6~-40. Which of the following parts are
in the power qgtput gsection of a gas
turbine?

1. Compressor '
2. Burner

-3. Reduction gear \
4. Nozzle ) .

6-41. All of the following gas~turbine engine
accessories are driven by the rotor
except the
1. fuel pump e
2. pgovernor ‘

3. o1l pump

"4, overspeed guitch

Learning Objective: Recognize safe
procedures in the operation of small
boat engines. Textbook pages 169
and 170.

6-42. You are the engineer of a ship's small
boat and the coxswain rings three bells.
What does this signal mean?

1. Full speed gin the direction in which
2,
3.
4.
~ After fou start a cold diesel engine,

6-43.

243

your next step i1s to rum it at
1. 1low speed until it warms up
2. low gpeed for a minute so you can

. "check the 8upply of lubr#cating oll
3. top speed so you can check the fuel
. and cooling systems for leaks
4. top speed so you can check the oil

pressure




6-45.

6-46.

6-47.

1f you find that the exhaust of the diesel

engine of a small boat indicates no suc-

tion by the water pump during warm-up,

you.should i

1. stop the engine

2. check the cooling systenq for clogged
strainers

3. check the cooling system for closed
sea valves

4, do all the above

A diesel engine has stopped running

because fuel is not{regching the engine

cylinders. Endugh fuel remains in the

tank. A possible cause of engine failure

is :

1. an accummulation of water in the v,
strainers

2. a plugged vent in the tank filler cap

3. a lack of either oil or cooling water -

4. either 1 or 2 abov

When a gasoline-powered boat is being

driven, which of the following preé-

cautions is needed in addition to those

that apply to a diesel-powered boat?

1. Being sure that there is enough
cdoling water

2. Being sure that the vent in the fuel

, tank filler cap is not plugged

3. Seeing that the engine compartment is
ventilated 80 as to prevent an accu-
mulation of flammable vapors

4, See&ng that there is an adequate
supply of lubricating oil

K

&

The cause of fuel system failure in a
diesel driven boat is often found to
be )

1. improper cooling

2. water in the strainers v
3. an ungrounded fueling hose

4, faulty spark plugs

Fr.d
L]

Learning Objective: Recognize the
duties and responsibilities of

the FIREMAN standing engineering
watches in port and underway.
Textbook pages 170 through 176.

6-48.

mr

-5

Which assignment is usually carried out

by the messenger of the watch during close

maneuvering conditions with other ships?

1. Shaft alley watchstander

2. ‘Telephone talker on the engineering
JV circuit :

3. Evaporator operator

4. Throttleman

6-49.

6-50.

6-51.

"6=52.

6-53.

6-54.

244

36

oy

What is the maximum time lapse between
routine entries in the operating log?
1. One half-hour

2. One hour ///
3. Four hours

4. Twenty-four hours

1f a ship's workday ends at 1600, when

is the most likely time period for stand-
ing the sounding and, security watch?

1. 1600 to 2000

2. 1600 to 2400

3. 1600 to 0400

4. 1600 to 0800 ’ .

A sounding tube is generally constructed
of ’

1. 1/2—i§Fh pipe

2. 1 —-inch pipe-

3. 1 1/2-inch pipe

4. 2 -inch pipe

Why are some sounding tubes constructed

so that they terminate in risers extend-

ing about three feet above the ship's

compartment to be served?

1. They are unable to be extended to
the upper decks

2. They are straight

3. They have an upper end terminating
in a flush deck plate .

4. They have a closed threaded plug ..

-Assume that a gounding tape shows a read-

ing of one fo;% of liquid in a normally

dry compartment. What action should be

taken? ,

1. Wwait until the next time you take
soundings to see if the level has
increased .

2. Notify the main engineroom so that,
the level of liquid can be recorded '

3. Pass the word about the liquid level A
to your relief

4. ' Yotify your watch supervisor
immediately

Why should you (coat a sounding rod with 2
white chalk befare taking a sounding of a
water tank? : :
1. To enable the rod to slip through the
sounding tube without bending :
2. To make it easier to see the dividing
point between the dry and wet parts

of the rod
3. To facilitate %&yering the rod in the
sounding tube ' i.
4. To keep the rod from hitting the

bottom of the tank with enough force
to damage the rod :




6~55. Assume tMat you are on a cold<iron watch
and you find that a welder 18 welding*
- in your area without a fire watch. What
e action should Yyou take fipst?
¢ ' 1. Stop the welding
, ‘2. Report to the 00D
3. Station a fire watch h
4: Bring a fire extinguisher to the area

6-56. When your ship is in drydock, feed water
v may not be shifted without permission
N .. from the
1. offjicer of the deck '
N 2. chief machinist's mate
3. engineer officer -
. 4. chief boiler technician
6-57. Uhich of the following jobs will a %
burnerman carry out on a ghakedown cty »
WQile his ship is maneuvering? :
1. Control forced draft blower
l 2. Warming up standby fuel oil pumps
‘ 3. Performing routine maintenance .
4. Cutting burners in and out
,  6-58« Dufifig regular steaming operations, which

watchstanders in the fireroom must
cooperate with .each other in mé!gers
\ that concern the burning of fuel o0il?
- 1. *Blowerman and burnerman
2. Checkman and burnerman
3. Messenger and blowerman
4. Messenger and checkman

In items 6~59 through 6~63, select from column B
the fireroom watchstander who performs the job

. listed in célumn ~Assume that.feed water is
being controlled mdkually.

A. Job

Watchstanfder

Adjusting the

Mess r
ailr registers :

/
. 2. Burnerman

Maintaining the

proper water 3.

lével in the

g ‘boiler 4.

Blowerman
Checkman

6-61. Regulating fuel
oil pressure at

the burners

A

Recording tempera-
ture and pressure
readings in the
operating log

6-62.

€

6-63. Controlling the

forced."draft blowers

GOVERNMENT PRINTING QFFICE 19/6—
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6~64.

6-65.

6-66.

6~67.

-

You can léarn how a normal reading of a
throttleboard differs from an abno
reading by studying the throttleb d -
and asking the throttleman questions.

ich watchstander in the engineroom is
responsible for keeping both the standby
main feed pump and standby lube oil pump
ready for instant,use?

1. Pumpman
2. Upper level watchstanddr -
3. Shaft alley watchstander

4. Evaporator watchstander

Who is responsible for maintaining the
proper water level"dn a deaerating feed -
tank located in the engineroom?

1. Pumpman ¢
2. Upper level watchstander
3. Checkman

4. Evaporator watchstander

A Fireman Apprentice should learn his

duty stations under various conditions

of battle readiness by

1. checking with his division officer
frequently

4

2. memorizing the duties of his watch

3. follewing the orde¥s of the petty
of fi} f the watch

4. checking the Watch, Quarter, and .
Station:Bill frequently

~
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